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and accompanying dikes. Groups 1, 2, and 3 
are of probably late Cretaceous age. 

4. Great flows of basaltic, andesitic, rhyo- 
litic, and latitic lavas, with which are inter- 
bedded tuffs, breccias, sand, and gravel, in all 
aggregating several thousand feet in thickness. 

5. Stocklike masses of fitie-grained rhyolite 
and quartz latite porphyry, breaking through 



The principal structural features in the area are 
shoWn m figure 4. 

The folding is decidedly open and is prob- 
ably due in part to the forces that produced 
the faulting and in part to earlier igneous 
intrusion. 

All the faults observed are of the normal 
type and exprass an extension or stretching of 
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FiouRK 4.~Map of the principal faults and folds in the northern part of the Silver City quadrangle. D, downthrown side; U. upper side. 



all the older rocks and through the lava flows 
just mentioned. Groups 4 and 5 are of Ter- 
tiary age. 

6. Intrusive basaltic masses and basaltic 
lava flows interbedded with the Quaternary 
gravel. 

Folding, faulting, extrusion, and intrusion 
have played important parts in the develop- 
ment of the geologic structure of this region. 



the strata. The strong northwesterly faults 
are probably parallel to and closely connected 
with broad axes of folding, for, broadly viewed, 
the fractures may be placed in two distinct 
systems, one trending northwestward and the 
other trending northeastward. The Silver City 
Range, for example, and its southeastern struc- 
tural analogue. Lone Mountain, where not 
faulted along their eastern fronts, are sharply 
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flexed, some beds standing at angles of 70^ or 
more. West of these mountains, too, as is 
partly visible at Treasure Moimtain and in the 
hills north of it, are strong faults nearly paral- 
lel to the fault on the eastern front. 

The west flank of the Little Burro Moun- 
tains is also marked by a fault which is parallel 
to the monoclinal axis of the range. At George- 
town a strong northwesterly fault is parallel to 
the broad monocline that dips to the southwest. 

In striking contrast to these widely separated 
dislocations are the closely spaced and on the 
whole much shorter transverse northeasterly 
fractures. These are well exposed in the Silver 
City Range. It is evident that almost every 
cross fault is downthrown on the north side 
(or uplifted on the south side). Such a system 
of faults involves a marked extension or 
lengthening of the entire block. 

Several faults indicate rather certainly move- 
ments later than the period of Pleistocene de- 
position, though the recent movement on each 
of these faults was perhaps only a continuation 
of a much earlier disturbance. Such a fault 
is the one which separates the Pleistocene de- 
posits from pre-Cambrian rocks at the western 
base of the Little Burro Mountains. Near the 
north end of this fault, a short distance south 
of Wind Canyon, the gravel beds abut against 
the rhyolite which with the overlying andesite 
forms much of these hills. (See PI. Ill, B.) 
It does not seem possible that this attitude of 
the beds could be brought about by any other 
means than a fault. When this fault is traced 
southward to Redrock Canyon the abruptness 
of the contact of the gravel beds with granite 
is strikingly apparent. At the canyon, though 
the evidence that faulting has taken place is 
not perfectly clear, there are certain conditions 
which are rather opposed to a normal over- 
lapping contact, the most significant of which 
is the fineness of the sediments that abut ver- 
tically against the granite. Although there is 
some granitic material in the gravel, the 
amount seems insufiicient to establish a purely 
local origin for the pebbles. Furthermore, at 
a point about a mile north-northeast of Tyrone 
a cross fault offsets the straight fissure of the 
main fault. Both north and south from the 
cross fault the gravel contact for half a mile 
along the main fault is straight, but at the 
cross fault the contact is sharply offset for 
about 300 feet in a direction accordant with 



the dip of the fault planes and the throw of the 
cross fault. A short distance to the north of 
the point where the road crosses the main fault 
there is a vertical contact of fine gravel against 
broken rocks of the andesite complex, separated 
by about 3 feet of fault gouge. The gravel at 
the contact is not composed of material of the 
complex but of light-colored granite. Still 
another fact that may bo cited is the difference 
in the character of the gravel contact on the 
two sides of the range. On the east it is much 
higher than on the west, and the gravel lies 
upon an irregular surface of rhyolite with a 
crooked contact and shows very coarse mate- 
rial at the base, the conditions presenting a 
marked contrast to those on the west side. 

Similar evidence of post-Pleistocene faulting 
may be seen at several other locaUties north 
of Treasure Mountain and east of Gcjorgetown. 

The age of movement along a plane or sur- 
face of weakness is difficult to determine, for 
where a break has once been formed by move- 
ment a continuation of the movement is likely 
to take place, perhaps at intervals, through 
a long period of time. It is therefore impos- 
sible to determine defiiiitely when faulting 
first began in this area. It is evident that 
faulting has taken place since the deposition 
of the Pleistocene gravel and that some faults 
break the Tertiary lava flows without appar- 
ently effecting the Pleistocene gravel; but 
though no fault was found that cuts Cre- 
taceous rocks and does not cut Tertiary lavas, 
yet faulting might have begim before the 
lavas were deposited and continued along the 
same planes after their deposition. The ab- 
sence of any direct evidence pointing to this 
conclusion, however, }>ermits the tentative 
assumption that faulting began after the 
lavas had been poured out and continued at 
intervals along certain breaks after the deposi- 
tion of Pleistocene gravel. 

GEOLOGIC HISTORY. 
PBJB-CAXBBIAN E&A. 

The ages that preceded Cambrian deposi- 
tion doubtless comprised many periods of 
sedimentation, erosion, and disturbance, cov- 
ering in all a longer time than that repre- 
sented by all succeeding geologic history. 
Only the merest fragments of this history can 
be read in this area. The pre-Cambrian rocks 
are largely granites, in which are enmeshed the 
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almost indistinguishable traces of sedimentary 
deposits. A few small areas of quartzite 
and schist point to the existence of ancient 
seas. The metamorphosed and fragmentary 
character of these sedimentary rocks shows 
that their history has been varied. 

There is abundant reason to beUeve that old 
mountain ranges existed in this region and 
that the forces of erosion in the past, even as 
to-day, carried on their work of denudation. 
The character of the surface upon which the 
earUest Cambrian strata rest serves to corrob- 
orate what has been observed at many other 
localities, namely, that a prolonged period of 
erosion and planation preceded the subsi- 
dence of the pre-Cambrian land beneath the 
sea to form a floor of moderate relief on which 
the Cambrian sands were deposited. 

PALEOZOIC SKA. 

The nature of the basal Cambrian strata, 
which are composed of quartzose, calcareous, 
and glauconitic material, shows that at the 
time of their deposition the sea was gradually 
transgressing upon a land surface of moderate 
reUef . It is probable that as the sea advanced 
wave action reduced still further a rather low 
reUef, and that the remarkably flat contact 
between the Cambrian sediments and the pre- 
Cambrian basement is in part a result of this 
action. 

The subsidence whose beginnmg is marked 
by these Cambrian beds endured for a long 
period. As the seas gradually grew deeper or 
as the shore line slowly transgressed land- 
ward, calcareous sediments gradually became 
more prevalent, and finally they formed the 
only record of deposition. Though these seas 
were not deep they were probably extensive. 
Whether the interval of time indicated by the 
differences between the fauna of the Bliss 
sandstone and that of the El Paso limestone 
includes a period when Cambrian beds were 
raised above sea level and subjected to erosion 
can not yet be determined. Apparently there 
was a rather abrupt transition from the sandy 
limestone layers of the older formation to the 
more calcareous beds of the younger formation, 
but if there is an unconformity between the 
two formations it has not been detected. The 
incursion of sandy material in the upper part 
of the El Paso limestone marks the unsettling 
of a delicate balance of depth rather than any 



great uplift. The quartz sands found in this 
part of the Cambrian system may have been 
carried there by currents that swept across 
wide areas of shallow seas or may in part have 
been blown from neighboring beaches by 
violent winds, for Umestone deposits may be 
formed close to the seashpre provided great 
quantities of debris are not being contributed 
to the sea. 

The record of Silurian time, with its fossil- 
iferous and chert-bearing beds, shows that the 
conditions then were similar to those of the 
preceding period, but the abrupt change from 
Silurian limestone to Devonian shale suggests 
a fundamental difference in conditions of sedi- 
mentation. Though the bedding of the Silu- 
rian limestone and the Devonian shale seems 
to be concordant, there is reason to believe 
that the beginning of Devonian deposition was 
preceded by marked erosion in this south- 
western area. At Bisbee, for example, as 
stated by Ransome,* Devonian beds rest upon 
Cambrian limestone; at Clifton, as shown by 
Lindgren," Devonian beds overUe Ordovician 
beds; and in the Silver City region Devonian 
beds rest upon Silurian beds. These facts and 
the sudden change in sedimentation marked by 
the deposition of Devonian shale on Silurian 
limestone point to decided irregularities in the 
Paleozoic sequence in this southwestern prov- 
ince, probably indicating a period of uplift and 
erosion. 

The gradual change from shale to limestone 
observed at the top of the Devonian Percha 
shale indicates an uninterrupted period of 
deposition between Devonian and Carbonifer- 
ous time and a decided clearing of the seas. 
The f aimal changes are likewise noteworthy. 
The muddy waters in which the upper part of 
the Percha shale was laid down seemed espe- 
cially adapted to Devonian forms, but when 
the waters became clearer they no longer 
afforded a suitable habitat for the Devonian 
fauna, which therefore disappeared and was 
succeeded by Carboniferous forms. No strati- 
graphic break has been detected between the 
Mississippian and Pennsylvanian beds, though 
differences in the fossils of these series suggest 
such a break. 



• Ransome, F. L., U. S. Geol. Survey Geol. Atlas, Bisbee folio (No. 
112), p. 12, 1904. 
w Lindgron, Waldemar, U. S. Oed. Survey Prof. Paper 43, p. 59, W05. 
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IDUOZOXO AMD OXHOJBOZO XBA8. 

After the quiet of the Paleozoic seas came 
the gradual emergence of a Mesozoic continent. 
No evidence is at hand to prove that the uplift 
was accompanied by notable structural dis- 
turbance. No certain pre-Cretaceous faults 
are recognized, nor has any folding been ob- 
served that might not be assigned to later 
periods. It must be inferred, therefore, that 
although the emergence was widespread, it took 
place in this area without other deformation 
than gentle warping and tilting. That the 
tilting may have been appreciable is shown by 
certain relations between the basal Cretaceous 
beds and the underlying Paleozoic rock. For 
example, the Beartooth quartzite shows a re- 
markably clean-cut flat surface at its base, 
especially on the summit of the Little Burro 
Mountains, suggesting a decided leveling of 
the underlying floor. Now, as the basal Cre- 
taceous beds were deposited on Pennsylvanian, 
Mississippian, Devonian, Silurian, and pre- 
Cambrian rocks, it may be inferred that these 
old rock beds were tilted during their uplift 
and their edges eroded nearly to base-level. 

The absence of Triassic or Jurassic strata 
beneath the Cretaceous sediments points either 
to the existence of a continent during Triassic 
and Jurassic time or to an even longer period 
of denudation than has just been inferred. 

The accumulation of Cretaceous sandstone, 
shale, and calcareous shale to a thiclmess of 
probably several thousand feet followed the 
subsidence of this eroded land surface. The 
quiet sedimentation, however, may have been 
interrupted by subaqueous outbursts of andes- 
itic and allied volcanic material. The breccias 
of the andesite-diorite complex have here and 
there the appearance of sills, being both under- 
lain and overlain by shale; but as the pyro- 
dastic nature of the breccia precludes an 
intrusive origin, it is suggested that near the 
end of Cretaceous sedimentation, or after it 
had ceased, volcanoes added their quota of 
material to the marine Cretaceous accimiula- 
tions. The apparent sill-like relation observed 
may, however, be due to faulting. 

There is abundant evidence of intense igne- 
ous activity from this time on. Thousands of 
dikes cut both the Cretaceous shale and the 
breccias, indicating that the outbursts which 
furnished the pyroclastic accumulations were 
followed by continued long-extended fracturing 



of the strata and concomitant filling of the 
fissures with igneous material. The great pre- 
ponderance of this complex in the Cretaceous 
rocks suggests that a center of volcanic ac- 
tivity existed somewhere near or north of 
Pinos Altos, though there may have been sub- 
sidiary centers near the Little Burro Moun- 
tains. 

The next period was notably different from 
the long period of sedimentation above de- 
scribed. No evidence that the land was ever 
again beneath the sea has been found, but there 
is conclusive evidence that no less than five 
stages of intrusion succeeded the one already 
described and that they were associated with 
notable structural dislocations. 

The product of the first of these intrusions 
was rock of the quartz diorite porphyry type, 
which is well developed around Fort Bayard 
and extends southward and eastward from 
that point. This intrusive takes the form of a 
sheet at some places — ^for example, at Fort 
Bayard, where it lies above the Cretaceous 
sediments and dips westward with them. 
Farther west it dips beneath the Colorado 
shale. Moreover, it follows regularly the nose 
of the domelike uplift of which Copper Flat 
is the center. It is rather hazardous to corre- 
late intrusive masses by lithologic features 
alone, but it is believed that the intrusives 
west of the Kneeling Nun, at Hermosa Peak, 
and near Lone Mountain are of the same date 
as the laccolith just described. 

Next in order of intrusion are such masses 
as the granodiorite between Hanover and 
Fierro, the masses at Copper Flat, Santa Rita, 
Pinos Altos, Gomez Peak, and Silver City, and 
the quartz monzonite mass of the Big Burro 
Mountains. That the mass between Fierro and 
Hanover and the mass at Santa Rita are later 
than the Fort Bayard intrusive mass is sug- 
gested by the presence in the Fort Bayard 
laccolith of dikes very similar in composition 
and general aspect to the Fierro mass. The 
intrusion of these later crystalline porphyries is 
of structural importance in that their entrance 
through the overlying rocks domes up the 
otherwise imdisturbed beds. The masses at 
Copper Flat, Hanover, and Gomez Peak, for 
example, clearly illustrate such action. When 
these bodies of igneous rock, whose great sur- 
face exposure probably only indicates a still 
greater subsurface extent, had cooled, there 
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ensued a period of active erosion, which is 
clearly indicated by the fact that such masses 
as the granodiorite of Finos Altos, which must 
have cooled under considerable cover, probably 
1,000 feet or more, were exposed at the surface 
before the outpouring of the broad floods of 
lava that overlap them on the north. At 
Pinos Altos, for example, the granodiorite 
passes beneath the lava cover, and the surface 
outcrop at the veins which cut the granodiorite 
is abruptly terminated by the overlying 
glassy rhyolite. 

Little imagination is required to picture the 
conditions that must have existed at the be- 
ginning of this epoch of volcanic activity, which 
closed the Cretaceous period. There is evi- 
dence that violent explosions preceded the 
welling out of the vast floods of lava and that 
torrential rains distributed the material of the 
breccias and tuffs over the imeven surface of 
the land. Here and there lakes were formed, 
into which fell the dust and the coarser eject- 
amenta from the active volcanic vents. Such 
coarse and fine accumulations are well exhibited 
in the region north of Lookout Peak, and the 
finer sediments and gravels at the base of the 
lava series may be seen at many places, notably 
east of Lone Mountain and north of it along the 
scarp that forms the edge of the lava floods 
in that region. 

Then followed, in Tertiary time, the erup- 
tion of great sheets of rhyolite or latitic lava, 
covering hills and valleys ahke and obliterating 
the older landscape, which the earlier explosive 
accumulations had modified. 

After these outbursts of rhyoUte-latite, which 
in places aggregated 800 feet in thickness, 
there were floods of andesitic or basaltic lava, 
which in time were followed by more siliceous 
lavas. Indeed, an alternation of the two 
kinds is a marked feature of these accumula- 
tions. Between the outbursts of lava there 
accumulated local deposits of fine sand and 
tuff, the detritus washed from the more ele- 
vated portion of the deposits to the basin-Uke 
areas which must have been formed in such a 
chaos of molten flowing material. These 
sediments attain considerable thickness in 
places but are generally thin at the edges and 
disappear, permitting the overlapping of suc- 
cessive lava floods. Such thinning out of 
interbedded clastic material is well shown in 
the range east of Lone Mountain and in the 
area farther north, adjacent to Black Peak. 



As if in adjustment of the enormous dis- 
turbance of equilibrium that must have been 
caused by the flooding of this broad territory 
with lava and of the shifting of so large a 
mass of material from -beneath the surface at 
one locality to the surface of the crust at an- 
other locality, faulting was renewed and has 
continued, probably with interruptions, up 
to the present time. This faulting was at- 
tended by the intrusion of many stocklike 
masses of latitic material that cut through all 
the underlying strata alike from the pre- 
Cambrian complex to the latest lavas. During 
this stage of faulting the present higher parts 
of the Silver City Range and Lone Mountain 
were probably outlined, and Bear Mountain 
was formed by the intrusion of the stocklike 
mass that constitutes its core. Then, too, the 
Little Burro Mountains assumed or began to 
assume their monoclinal attitude^ and the 
region around Santa Rita was broken by faults. 
At this period also the lavas farther north were 
sliced into numerous narrow curving fault 
blocks, and the region north of Stewart Peak 
was faulted and intruded. 

The remaining changes that have affected 
the area are due principally to erosion and 
concomitant deposition and to sporadic out- 
bursts of basaltic lavas. Widespread deposits 
of Pleistocene gravel accumulated in the 
already maturely dissected valleys, and on this 
gravel thin basaltic lava flows were spread, to 
be later covered by still more gravel. 

OEOLOQY OF THE TTBONE DISTRICT. 

BOOKS. 

All the hard rocks exposed in the Tyrone 
district are igneous intrusives. Semiconsoli- 
dated gravels cover several square miles, but 
drilling through these superficial deposits 
has revealed no ancient sedimentary terranes. 

The igneous types recognized in mapping are 
granite, quartz monzonite and quartz mon- 
zonite porphyry, quartz latite porphyry, 
aplitic dikes, and rhyolite dikes. The dis- 
tribution, petrography, and structural inter- 
relations of these types will be described in 
turn, after which the structure, metamor- 
phism, and physiography of the region will 
be discussed. 

GKAHITE. 

Distribution. — Granite occurs in the south- 
east comer of the district over an area of 
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about 5 square miles ; in the southwest comer, 
forming the higher portion of the Big Burro 
Mountains; and along the northern border, 
in a strip about 1^ miles wide. It also forms 
a number of isolated masses near the center 
of the area and near the eastern gravel contact 
m sees. 26 and 27, T. 19 S., R. 15 W., where 
it is surroimded by quartz monzonite porphyry. 

Petrography. — ^The granite of the Tyrone 
district is not a single homogeneous mass 
but includes a number of varieties exhibiting 
differences in texture and slight differences in 
mineralogy. 

For the most part the granites are medium 
to coarse grained holocrystalline rocks ranging 
in color through gray and pink. They are 
composed dominantly of quartz and ortho- 
clase feldspar, with some oligoclase feldspar. 
Biotite mica, though not generally a con- 
spicuous mineral, is present in many places. 
The common accessory minerals, iron oxide, 
apatite, and zircon, may be noted. 

A coarse-grained variety near Sugarloaf 
Mountain is gray and oontains prominent 
pink feldspars. Abundant biotite is plainly 
visible. 

The Big Burro Mountains are composed of a 
medium-grained gray granite consisting of 
orthoclase, quartz, and a little oligoclase, with 
biotite. A semblance of porphyritic structure 
is caused by scattered orthoclase feldspars 
larger than tlie average crystals of the rock. 

In Deadman Gulch below the road crossing, 
west of Leopold, there are a number of varie- 
ties of medium to coarse gramed granite, 
among them one containing prominent pink 
orthoclase feldspars set in a matrix of gray 
feldspar and quartz. The scarcity of ferro- 
magneeian minerals is striking. 

In tha southeast corner of the district there 
are wide areas underlain by pink medium- 
grained granite that is generally lacking in 
ferromagnesian minerals, but this lack is 
due partly to alteration. 

As a whole the granites are characterized 
more by their variation from place to place 
'than by uniformity of appearance. Undoubt- 
edly a number of distinct invasions have taken 
place in pre-Cambrian time. No attempt was 
made to unravel the complexities of these 
intrusions. 
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Quartz monzonite and quartz monzonite 
porphyry form the largest single rock imit of 
the Tyrone district. This unit is a roughly 
circular intrusive stock cutting pre-Cambrian 
granite. A small portion of its contact lies 
beyond the area shown on the map. Quartz 
monzonite porphyry abo occurs in dikes, many 
of which are too small to be mapped. 

Distribution. — ^The main mass occupies a cen- 
tral position in the area, where it covers about 
15 square miles, or about half the total area. 
Its contacts with the invaded pre-Cambrian 
granite are for the most part easy to locate and 
follow. There are places, however, where the 
distinction between the two rocks is not so 
plaiD. Several conditions accoimt for this ob- 
scurity. First, within the pre-Cambrian gran- 
ite complex are rocks of granitic types that 
closely resemble the quartz monzonite, par- 
ticularly where the two rocks are weathered 
and have undergone partial disintegration. At 
such places, though the contact may not be 
precisely located, by studying the contact re- 
gion it can be shown that immistakable granite 
is close at hand, because the granitic terranes 
as a whole are not homogeneous, whereas 
quartz monzonite and its porphyritic phases on 
the whole are homogeneous to a high degree 
This is a good criterion on which to distinguish 
the two groups in the field. 

Another source of difficulty is occasioned by 
the presence of small outliers of pre-Cambrian 
granite within the main monzonite mass — 
small slivers and blocks broken off at the con- 
tacts. This feature, however, is a minor one* 
in the Tyrone district. 

A third difficulty arises in the fact that irregu- 
lar aplitic dikes are present in some places both 
in the granite and in the quartz monzonite 
porphyry, and where this condition exists along 
a contact precise boundaries are not readily 
established. 

The main north contact runs eastward from 
the western border of the district to a point 
about a mile south of Tyrone. This contact, 
from the western edge of the district to St. 
Louis Canyon, passes along the southern slope 
of a number of hills — that is, the porphyry is 
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eroded to a lower level than the mvaded gran- 
ite. From St. Louis Canyon eastward, how- 
ever, there is no such difference in degree of 
erosion. In this area both rocks are silicified 
and mineralized. These features will be dis- 
cussed under the heading "Physiography" 
(pp. 19-22). ' 

The contact passes beyond the area mapped 
on the western border and enters it again to 
skirt the base of the Big Burro Mountains. It 
also passes from and reenters the area on the 
southern border. The boundary on the east 
side of the Big Burro Mountains is in places 
buried beneath granitic d6bris, swept over the 
contact. 

It is possible that inclusions of granite smaller 
than those mapped may be present and have 
been overlooked, as the rock in much of this 
territory is highly metamorphosed. The oc- 
currence of such blocks is, however, of no 
economic importance, as will be shown below. 

Petrography. — ^The main mass of quartz mon- 
zonite porphyry contains a number of textural 
varieties. These are (1) rocks of granular tex- 
ture and properly not porphyries, (2) porphy- 
ries characterized by large orthoclase pheno- 
crysts (as much as 3 inches in length) and 
prominent quartz phenocrysts, in many places 
doubly terminated by pyramid faces; and (3) 
porphyries in which the orthoclase phenocrysts 
are intermediate in size or are no larger than the 
other feldspar phenocrysts of the rock. 

Field studies indicate that the change from 
type 2 to type 3 takes place on the north rather 
abruptly tdong a roughly east-west line (see PI. 
II, in pocket), but that on the south the two 
types are transitional into each other. Along 
the northern line no intrusive contact was seen, 
and it is concluded that the change is due to 
physical and chemical factors governing crys- 
tallization. 

The granular type of quartz monzonite is a 
medium-grained rock of gray color containing 
abundant biotite. It is composed predomi- 
nantly of oUgoclase feldspar and quartz, with a 
minor amount of orthoclase feldspar. In places 
it contains considerable light-green hornblende. 
Titanite, apatite, and iron oxide may be 
present. The rock might equally well or per- 
haps better be named a granodiorite. 

The porphyritic type, characterized by large 
orthoclase feldspars, resembles the granular 
types in that it contains abundant biotite and 



though of porphyritic texture has nevertheless, 
where medium to coarse grained, a somewhat 
granular appearance. It differs in carrying 
conspicuous laige phenocrysts of pink feldspar 
and abundant smaller phenocrysts of quartz, 
and many of the latter are crystallized as double 
pyramids joined by short prism faces. The 
spacing of the feldspar phenocrysts and the 
abundance of the quartz phenocrysts vary con- 
siderably from place to place — they may be 
separated by only a few inches, or there may be 
several feet between individual phenocrysts, 
and locally they are entirely absent. The 
phenocrysts vary in size also and in places are 
hardly more prominent than the other minerals 
of the rock. 

The phenocrysts may be either oligoclase 
feldspar, quartz, or biotite, set in a granular 
groundmass of varying degrees of fineness, con- 
sisting of quartz or orthoclase. Many of the 
quartz phenocrysts show resorption phe- 
nomena. 

DIKXS AND SHALL ICASSBS OF QUABTZ MONZONITB 

PORPHYRY. 

Dikes and small masses of quartz monzonite 
porphyry occur both as offshoots from the 
main mass and as later dikes cutting through 
the main mass. 

Several of these later dikes have been 
mapped. Two near the northern border of the 
district have been traced for more than 3 miles. 
For a considerable distance they are approxi- 
mately parallel, but they diverge noticeably at 
their east ends and are not everywhere continu- 
ous at the surface. The southern dike at its 
east end is very thin and can not be located with 
certainty, but float and small outcrops indicate 
its presence. 

Dikes of similar character are found to the 
south, in sees. 26 and 27, and similar rock, in- 
tensely altered, occurs in sees. 10 and 16. 
These dikes are characterized by abundant large 
idiomorphic phenocrysts of feldspar and quartz. 
Many of the quartz crystals retain their crystal 
faces, and in places as many as six intergrown 
so as to constitute a single quartz phenocrysi 
were noted. The number and size of these 
prominent minerals vary from place to place. 
Biotite is present, though not conspicuous. 

The main body of the rock consists of smaller 
phenocrysts of oligoclase in a very fine grained 
groundmass of quartz and orthoclase. There 
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are many quartz phenocrysts within these 
rocks, besides those displaying well-developed 
crystal faces, which show marked absorption 
phenomena. Their surfaces are corroded and 
rounded and in places deeply embayed, and 
reaction rims of the quartz and feldspar of the 
groundmass surround them. It is possible 
that some of the corrosion took place during 
the injection of the dikes. On examination 
with the microscope it becomes evident that 
much sericite has formed, both as disseminated 
flakes in the feldspar and completely replacing 
the biotite. 

A small mass of porphyry cutting the granite 
in sec. 35 is different from the conmion por- 
phyry of the district. It is finer grained, and 
fresh specimens have a brownish color. Small 
biotite and feldspar phenocrysts may be made 
out with the naked eye, set in a sugar-grained 
groundmass somewhat resembling a fine- 
grained sandstone. The microscope shows 
phenocrysts of oligoclase and biotite with some 
light-green hornblende, in a fine-grained ground- 
mass of quartz, oligoclase (in rods), and some 
orthoclase. The rock is without question 
closely related in chemical composition and 
probably in date of intrusion to the main mass 
of porphyry. 
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Some of the aplitic dikes are allied with the 
pre-Cambrian granites, and others with the 
quartz monzonite porphyries. Such rocks are 
characteristically developed with acidic intru- 
sives and represent the more siliceous portions 
and latest injection of the magma. Within 
the pre-Cambrian granites notably, and in the 
quartz monzonite porphyry to a lesser degree, 
they are associated with pegmatitic facies of 
the main masses. 

These dikes have nowhere been mapped on 
the surface and are considered simply as an 
abnormal development of the main masses. 

The aplitic dikes and masses are character- 
istically irregular in form and both on the 
surface and in the mines have very irregular 
boundaries. Along the main contact between 
Leopold and the gravel sheet these dikes and 
masses occur and in places made it difiicult, 
especially where surface d6bris is plentiful, to 
locate the porphyry contact. North of the 
main contact, too, in this general area, the 
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granite is broken by narrow dikes and masses 
of this rock, a confusing condition in an area 
where the rocks are so intensely metamor- 
phosed. It was not practicable to map them. 
The aplites are fine-grained rocks of pinkish- 
white color, composed of orthoclase and quartz 
in about equal amounts, with a little biotite 
and in places evenly dispersed iron oxide. 
LocaUy the quartz and orthoclase assume a 
rude micrographic texture. Very small pheno- 
crysts of quartz appear here and there. 

HSTOUTS niKSS. 

Rhyolite dikes are not abundant within this 
area. A few, the more prominent, have been 
traced and mapped in the northwest comer of 
the area, and one is shown in sec. 35. These 
dikes are very numerous to the south, beyond 
the confines of the area imdei* consideration. 

The rhyolites are fine-grained white rocks of 
somewhat porphyritic character. Under a 
hand lens small phenocrysts of orthoclase and 
quartz and small biotite crystals are plainly 
visible, set in an aphanitic groundmass, which 
proves on examination with a microscope to 
consist of orthoclase and quartz, at least locally 
showing micrographic intergrowth. 

These rocks are of later age than other in- 
trusives of the district, but it is not possible 
to assign to them a precise date of intrusion, 
as it is known that several periods of volcanic 
activity occurred in post-Cretaceous time. 

QT7A&TZ LATCTE PO&PHTRY. 

Quartz latite porphyry occupies a small area 
in the extreme northeast comer of the district. 
It is part of a larger area of such rock that 
forms the south end of the Little Burro Moun- 
tains. 

The metamorphism, however, is here so 
thorough that it is not possible to afl^rm posi- 
tively whether the rock is of the same age or 
yoimger than the quartz monzonite porphyry 
at Tyrone. The latter conclusion seems the 
more probable; and the rock is therefore 
correlated with the later Tertiary intrusions of 
other parts of the Silver City area. 

SXMIOOVSOLIDATBD OaAVXL AHD SABB. 

The Tyrone district borders a region made 
up of large areas of semiconsolidated sand and 
gravel. Portions of these deposits occur within 
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the district, principallj in the northeastern 
part and along the northern border. 

ChardcUr. — The material of these deposits is 
derived from the neighboring momitains and 
consists of fragments of lava or of pre-Cambrian 
igneous rocks or younger sediments, its char- 
acter depending upon the kind of rock that is 
exposed in the adjacent uplands. The frag- 
ments range in size from fine dust to blocks sev- 
eral feet in diameter. In some places large 
boulders form a part of the deposits. Most of 
the fragments are subangular, as would be 
expected in view of the proximity of their 
source and the mechanical nature of the rock 
disintegration by which erosion was aided in 
Pleistocene time, as it is at present. 

Calcite, silica, and iron oxide, alone or com- 
bined in differing proportions, are the cement- 
ing materials which in places bind together the 
otherwise loosely collected fragments and make 
of them a resistant conglomerate. 

RekUion to underlying surface. — The contact 
of the gravel about the Big Burro Mountains 
is apparently a normal depositional contact. 
That the gravel formerly covered parts of the 
foothill region which are now bare and that it 
has been carried outward to its present position 
during a period of recent dissection seem cer- 
tain. How much of the Big Burro Moimtains 
was covered is indeterminable, but a well- 
defined rock bench that occupies at least much 
of the north and east sides of these mountains 
is plainly visible from any high point on the 
Little Burro Mountains. Probably gravel 
once covered this bench, but presumably the 
main mountain core was never covered and in 
fact was the source during Pleistocene time of 
much of the gravel that now surroimds the 
mountains. 

In the Little Burro Mountains the condi- 
tions are somewhat different. The gravel con- 
tact along their east side is normal and follows 
the crest of the eastern ridge of the moimtains, 
but for much of its length the contact on the 
west side is along a fault and lies at the base 
of a more or less precipitous mountain scarp. 

Age and correlation. — Gilbert " in 1873, while 
studying the region drained by the upper Gila 
and its tributaries, gave the name Gila con- 
glomerate to certain valley deposits which he 
described as follows: 

u Gilbert, O. K., U. 8. Qeog. and Geol. Surveys W. 100th Mer. 
Kept., vol. 3 p. 540, 1875. 



The boulden of the conglomerate are of local origin, 
and their derivation from particular mountain flanks is 
often indicated by the slopes of the beds. Its cement is 
calcareous. Interbedded with it are layers of slightly 
coherent sand and of trass and sheets of basalt, the latter, 
in some clifb, predominating over the conglomerate. 
One thousand feet of the beds are frequently exposed, 
and the maximum exposure on the Prieto is probably 
1,500 feet. They have been seen at so many points, by 
Mr. Howell and myself, that their distribution can be 
given in general terms. Beginning at the mouth of the 
Bonito, below which point their distinctive characters 
are lost, they follow the Gila for more than 100 miles 
toward its source, being last seen a little above the mouth 
of the Gilita. On the San Francisco they extend 80 miles, 
on the Prieto 10, and on the Bonito 15. Where the Gila 
interaects the troughs of the Basin Bange system, as it 
does north of Ralston, the conglomerate is continuous 
with the gravels which occupy the troughs and floor the 
desert plains. Below the Bonito it merges insensibly 
with the detritus of Pueblo Viejo Desert. It is, indeed, 
one of the "Quaternary gravels'' of the desert interior and 
is distinguished from its fiimily only by \he tact that the 
watercourses which cross it are jrinlHttg themselves into it 
and destroying it, instead of adding to its depth. 

The Pleistocene deposits in the Silver CSity 
quadrangle correspond to the Gila conglom- 
erate in all important features. Gilbert, fol- 
lowed by Ransome, assigned an early Qua- 
ternary age to the Gila conglomerate. Fossil 
bones are reported from the gravels south of 
Santa Rita, but none were seen by the writer. 
There is no reason, therefore, to assign to the 
beds an age other than that already suggested. 

STBUCTUBE. 

As all the rocks of the Tyrone district, 
except the gravels, are massive intrusives, 
their structural relations have to do wholly 
with intrusion, faulting, and fracturing. Fold- 
ing plays no evident part in their inter- 
relations. 

IXTRTJBlOn. 

The main stock of quartz monzonite por- 
phyry intrudes a granite complex and is sub- 
circular in its outcrop. There is some evi- 
dence that on its northern border it dips to the 
south. At other places no due has been 
gathered as to the attitude of its walls — 
whether converging or diverging downward. 
Offshooting dikes from the main mass indicate 
that fracturing of the invaded rock played a 
part in permitting the entrance of the magma. 
Whether or not stoping of the wall rock has 
taken place on a large scale is undetermined. 
On the southern contact in sees. 3 and 34 a 
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long tongue of porphyry projects at a low 
angle, nearly parallel with the contact, into the 
granite, nearly isolating a slice of that rock. 
Should such a block of granite have been 
entirely severed from its parent mass, it might 
possibly have sunk into the magma. The 
detached island-like masses of granite in sees. 
22, 27, and 26 may represent remnants of a 
roof, in place, or may connect downward with 
the main granite mass. The writer found no 
certain evidence on which to base an opinion 
regarding these points. 

A number of dikes cut the granite and the 
quartz monzonite porphyry. Structurally they 
suggest that the region was still under the 
influence of tensional stresses after the larger 
intrusions had solidified. This suggestion is 
accordant with the evidence afforded by the 
faulting and fracturing. 

FATTLTmO. 
BEOTONiLL FAULTINO. 

Faulting has played a very important part 
in the dynamic history of the region about 
Tyrone. Reference to figure 4 (p. 6) will 
show that there are two principal fault sys- 
tems, one having a northwest to west-north- 
west trend, the other a northeast trend. The 
close spacing of the northeast breaks indicates 
the completeness with which the ground was 
fractured, and when it is borne in mind that 
there are many fractures not shown a fair im- 
pression is gained of the thoroughness of the 
process of dislocation. These two dominant 
fault systems are, it is believed, connected in 
origin with movements of folding. The evi- 
dence supporting this belief has been given in 
the Silver City f plio, on the maps of which the 
relation of faults to folds is made clear. It is 
reasonable to suppose that a broad syncline 
whose axis passes northwestward between 
Silver City and Santa Rita is but one of several 
similar broad folds. (See fig. 4.) So con- 
ceived the region about Tyrone would fall 
somewhere on the eastern limb of a broad anti- 
cline, upon the details of which, for lack of 
data, it is futile to speculate. 

It is believed that the formation of such a 
system of folds accompanied widespread uplift 
and intrusion and that gravitative adjustment, 
accompanying or succeeding such distentional 
movements, accounts for the faulting that 



ensued. That the movement of uplift wa^ 
such as would produce distention is suggested 
both by the normal character of the faults and 
by the vast amount of igneous material that 
has entered the rocks, particularly during 
Cretaceous time. There are wide areas filled 
with narrow dikes. Only the distention of the 
crust could have made possible this great 
influx of magma; and it is not surprising that 
such a process should result in the instability 
of individual blocks. Both during and after 
such an uplift faulting would take place on a 
great scale. The cause of such widespread 
uplift may well be connected with igneous 
injection even if not controlled by it. The 
primary cause must be sought in the realm of 
the theory of earth physics. It is a fact that 
in the Silver City region igneous invasion 
accompanied uplift, and beyond this important 
fact it is here not necessary to go. 

FAULTtKO IN THB TYRONB DISTRICT. 

Of the larger northwestward-trending breaks 
one that forms the western scarp of the Little 
Burro Mountains crosses the Tyrone district. 
This fault tilts the pre-Cambrian rocks of the 
Little Burro Mountains and the overlying 
Cretaceous sediments toward the east, and it 
may be presumed that the rocks west of the 
fault, which are relatively downthrown, are 
also tilted eastward. There are certain facts 
which support this presumption. Two of the 
faults of the northeast system (see fig. 4) if 
continuous southwestward across the Mangas 
Valley must enter the Tyrone district a short 
distance west of Tyrone. There is field evi- 
dence to support the view that they are thus 
continuous. The contact between gravel and 
pre-Cambrian granite from St. Louis Canyon 
northward for half a nule is a fault contact. 
Both at the road crossing where th|& relation is 
evident (see PI. Ill, A) and in a tunnel driven 
through the contact at the old turquoise 
workings north of the road thiB fault may be 
seen. At the turquoise workings the vertical 
plane between gravel and bedrock is particu- 
larly well displayed. Drill records obtained 
farther north along the trend of the fault sup- 
port the same view. The downthrown side 
of the fault is on the south, as it is at both 
of the faults across the Mangas Valley. 
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It is difficult to trace this fault farther south- 
westward, for the rocks supposedly cut by it 
are all igneous, and there is little or nothing 
whereby to distinguish a fault from ordinary 
fracturing, much less to determine the direction 
or extent of inovement. Nevertheless, there 
are certain features connected with the fractur- 
ing and metamorphism along this zone that 
support the idea that the effect of the fault 
persists for at Jeast 2 miles farther to the 
southwest. These features consist, first, in 
a strong vein filled with fluorite a short distance 
north of shaft No. 2, showing brecciated ma- 
terial and slickensided walls; second, in an 
unusually abrupt boundary between rock which 
is thoroughly metamorphosed and fractured 
and rock in which there is decidedly less meta- 
morphism; and third, in a line of benches 
flanking the northeastward-trending ridge in 
the southeast comer of sec. 2 1 . These flanking 
benches may be clearly seen from any elevated 
point on the west side of Deadman Gulch op- 
posite Copper Mountain. From an altitude of 
6,300 feet on the east side of the creek the even 
tops of the ridges, transected by westward- 
flowing streams, become at once visible. 

The topographic relations in this vicinity 
suggest a fault with the downthrow on the 
north, whereas the fault of which it has been 
presumed this is a continuation has its down- 
throw on the south. One of two explanations 
may be offered for this apparent anomaly. 
Eitiier there has been rotation on the fault 
plane, about an axis located somewhere be- 
tween the two points under consideration, so 
that at opposite ends of the block the fault is 
opposite in throw, or the present westward- 
facing scarp is due to superior hardness of the 
rocks on the south side of the fault (by reason 
of metamorphism), erosion thus being able to 
bring the north side to a lower elevation. 

Whatever conclusion may be reached re- 
garding this point, the physiographic evidence 
bearing on which is set forth at another place, 
it seems highly probable that this line repre- 
sents the extension of the fault. Further sup- 
port to this belief is afforded by the fact that 
to the southwest, in direct line with this sup- 
posed fault, there are a number of alined topo- 
graphic saddles in which prospect holes show 
well-developed fault gouges. On the map, 
therefore, this fault is indicated by a dashed 
line passing through these saddles. 



Other evidence of faulting within the dis- 
trict consists in brecciated veins within the 
mines and at the surface. A number of these 
veins are described in the section on the ore 
bodies. 

As no evidence of overthrusting has been 
found in this region, all the breaks mentioned 
above are considered normal faults. 

AQB OF FAX7LTINO. 

Movement along fault planes in this region 
has persisted down to a late date, as is proved 
by tile intricate fault system cutting the lava 
ranges in the northern part of the Silver City 
quadrangle and in the Little Burro Mountains 
and by the fault planes along which Pleisto- 
cene gravel abuts against older fonnations. 

To establish the precise date at which fault- 
ing began is more difficult. Beginning during 
Cretaceous time, it was probably connected 
with the folding that has affected the Creta- 
ceous rocks and quite probably was brought 
about by igneous invasion. 

The strongest argument supporting the be- 
lief that the faulting began at an early date 
lies in the fact that the intense mineralization 
and alteration of the quartz monzonite por- 
phyries is dependent upon intricate fracture 
systems connected with the faulting; and the 
mineralization surely took place soon after in- 
trusion and probably during the cooling of the 
deeper portions of the magma. For this rea- 
son it becomes logical to assume the sequence 
of ' intrusion, folding, faulting (with fractur- 
ing), and mineralization in the Cretaceous his- 
tory of the region. 

DISTBIBUnON. 

Fracturing of the rocks in the Tyrone dis- 
trict has been carried to great lengths. Asso- 
ciated with this fracturing has been intense 
metamorphism. The following statements con- 
cOning the distribution of fracturing therefore 
apply equally well to the distribution of meta- 
morphism. 

The principal fracture zone of the district is 
included within a roughly triangul^ area 
whose base may be considered the gravel and 
hard rock boundary between Tyrone and Oak 
Grove and whose apex is at a point about 2 
miles southwest of Leopold. (See PI. II, in 
pocket.) 
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The degree of fracturing throughout this 
area is not the same. It is more intense along 
the northwest side of the triangle and most 
intense between the towns of Leopold and 
Tyrone. Southeast of this zone of maximum 
intensity and extending nearly to the granite 
contact on the southeast the fracturing, though 
not so intense, is nevertheless very evident. 

The change from very thoroughly fractured 
rock to rock that is much less broken is remark- 
ably abrupt along the northwest side of this 
area, occurring in places within a quarter of a 
mile. This feature is particularly noticeable 
in the vicinity of Copper Mountain on Dead- 
man Oulch and along the boundary to the 
southwest and northeast of that place. (See 
PL II.) 

This zone is believed to mark a line of nota- 
ble movement. Southwestward from Leopold, 
however, an appreciable diminution in the de- 
gree of fracture may be noted until at the point 
indicated on the map as the apex df the tri- 
angle intense fracturing is no longer present, 
though nowhere within the district are the 
rocks free from fractures. 

On the southeast side of the fracture zone 
under discussion the change from fractured to 
relatively tmfractured rock is more gradual and 
is marked by no pronounced structural feature. 
The curved line delineating the southern 
boundary of the zone in a measure expresses 
this condition. 

The position of the major zone of fracturing 
is independent of rock type. Both granite and 
quartz monzonite porphyry have been frac- 
tured. The main contact of these rocks east 
of Leopold directly crosses the trend of the 
fracture zone. 

Beyond the limits of the principal zone in- 
tense fracturing is confined to individual veins 
and shear zones. A shear zone extends south- 
westward for about a mile in sees. 10 and 15 
and is coincident with the position of a small 
porphyry dike. The old workings of the rich 
turquoise deposits of the Azmre Mining Co. are 
on this zone. 

NATURE OF THB FRACTURING. 

The fracturing of the rocks is directly con- 
nected with faulting. It may indeed be re- 
garded as a distributive type of faulting, 
wherein the movement of relief instead of 
being limited to a few large breaks is taken up 



by a great number of minor breaks. It is 
believed that in the main where there existed a 
tendency to form large open fractures either the 
intrusion of a dike or the collapse of the rock 
closed such openings. 

A striking feature of the individual fracture 
is its discontinuity. Extending for a few feet 
or for several hundred feet, it then grows weaker 
and dies out, its place being taken by another 
of similar character but having a more or less 
different strike, dip, and degree of prominence. 
The fractures are thus compound breaks, and 
even the strongest, those carrying evidence of 
considerable movement, partake of this char- 
acter. Such, for example, is the North vein, 
the hanging wall and footwall of which for 




FiouRB 5.— Diagram illustrating the nature of the ssrstems of anas- 
tomoning fractures of which the mineraliied fracture cones are 
made up. 

several feet are essentially fracture or crushed 
zones. The St. Louis vein is another typical 
example of such fractured ground. (See mine 
descriptions below.) 

The fracture planes are rarely plane surfaces, 
being characteristically uneven and warped and 
of irregular shape and extent. Although the 
direction of a particular zone of movement may 
be well defined, the individual fractures that 
together make up this zone follow this direction 
only approxiibately. Such an anastomosing 
system is illustrated in figure 5. This irreg- 
idarity is shown vertically, as well as horizon- 
tally, on the vein and is characteristic of all the 
veins, from those that carry brecciated zones 
8 or 10 feet in width to minute, hairlike breaks. 

An analysis of the dominant trend of the 
fracture systems within the mines shows that 
these trends are not everywhere the same. 

In Plate IV the azimuths of many fractures 
have been plotted about the center of a circle. 
On level A there is concentration in a N. 45°- 
60° E. direction, with a noticeable number 
trendmg N. 70°-80° E. and fewer N. 10°-15° E. 
In the northwest quadrant the directions are 
varied and the fractures are present in only 
minor amount. 
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On the tunnel level (not shown in PL IV) 
there is heavy concentration along lines N. 70^ 
E. and N. 80®-85° E., with some concentration 
in a N. 10** W. direction, also N. 70^ W.— in 
fact, the fractures trend in all quarters of the 
circle. 

In the Bison ore block there is marked con- 
centration in the northwest quadrant, par- 
ticularly N. SMO** W. and N. 15** W. There 
is, however, an even distribution throughout 
from N. 60° W. to N. 80** E. 

On the 200-foot level fractures are well dis- 
posed through the northeast quadrant but are 
concentrated around N. 20** E. 

On the 300-foot level there is heavy concen- 
tration near N, 20** E. and N. 10** E., with some 
concentration at N. 60** E. Fractures are well 
distributed throughout the northeast quadrant, 
in fact, but are generally lacking in the' north- 
west quadrant. 

On the 400-foot level there is heavy concen- 
tration between N. 40** and 45** E. and between 
N. 60** and 65° E., with generally dispersed 
fracturing throughout the northeast quadrant. 
Scattering fractures are found in the northwest 
quadrant, and there is some concentration 
north and south. 

On sublevel B there are concentrations at 
N. 4**-12° E., N. 25**-31** E., and N. 40**-50** E., 
with other fractures scattered in the northeast 
quadrant and also in the northwest quadrant. 

By far the greater number of these fractures 
dip to the east, generally at rather high angles, 
though there are many exceptions to this gen- 
eralization, both as to direction and angle of 
dip. 



BRECCIA. 



At two places within the Tyrone district 
there are brecciated zones of rather unusual 
character, in that the broken block of groimd 
was not apparently dependent upon a simple 
fracture or set of fractures. One breccia occurs 
within the Burro Mountain Copper Co.'s mines 
and is known as the Breccia ore body; the 
other is on the summit of a small hill in the 
northeastern part of sec. 26. 

The irregular and ill-defined outUne of the 
Breccia ore body is roughly indicated on the 
plans and cross sections. (See fig. 23, p. 44.) 
It is not the same on the various levek. On 
the 300 and 400 foot levels its dimensions (nar- 
row and long) suggest association with ordi- 



nary fractures. How deep this breccia de- 
scends is not known to the writer. The mines 
were not unwatered below the 400-foot level 
at the time his investigation was being car- 
ried on. 

The breccia is composed in large part of 
angular fragments of granite, and the matrix is 
generally of the same material, only more 
finely crushed. In places intrusive aplite dikes 
form a large portion of the breccia. As the 
pre-Cambrian granite is composed of granite of 
various types, it is not surprising that the 
breccia presents an appearance of great hetero- 
geneity. In places crushed aplite makes up 
most of the breccia, and, as shown on the maps, 
porphyry intrusives partly border the breccia, 
particularly on sublevel B. The fragments 
vary in size, and the largest are several feet 
in diameter. Later fractures cut the breccia 
and pass from fragment to matrix. 

It is not easy to determine positively the 
nature of the movement that caused this 
breccia. Certain of its features, however, sug- 
gest a reasonable explanation. First, the 
breccia is in the main composed of angular 
fragments of material not noticeably different 
from the matrix in which they are set. Some of 
the fragments are rounded. Second, the breccia 
is associated with intrusions of fine-grained 
porphjrry — in fact, the fine-grained porphyry is 
in places brecciated. Third, the breccia has 
been fractured by movements since its forma- 
tion. Fourth, there are no strong breaks par- 
allel to the breccia which would make of it a 
fault breccia associated with a particular vein 
or set of veins. 

The dynamic history of the region suggests 
only two processes which might have played a 
part in the formation of the breccia — ^faulting 
and intrusion. It is reasonable to suppose that 
both processes acted somewhat as follows: 

The pre-Cambrian granite was subjected to 
tensional stresses accompanied or soon fol- 
lowed by both fractiuing and intrusion. 
Rugged gaps were torn in such rocks as granite, 
and magma flowed in to fill these gaps. Move- 
ment did not cease then, however, but followed 
repeatedly, and the newly intrusive rocks were 
likewise torn apart. Some of this movement 
of distention (the result of uplift) was com- 
pensated by the formation of normal faults. 
In other places the magma filled the gaps 
formed by the movement. In yet other places, 
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of which the breccia block is considered one, 
the net result of the application of forces and 
the possibilities of relief was the collapse of 
extensive blocks of ground. Such a conception 
is reasonable when it is borne in mind that a 
wide area was being literally torn apart. If 
by circumstance a detached block of ground 
was not supported by the immediate introduc- 
tion of magma, or by movement along appro- 
priate shearing planes, further pressure might 
well accomplish its complete demolition, as in 
the case of the Breccia ore body. That such a 
place might be the site of subsequent move- 
ment is also reasonable, for such is the history 
of all fault movements in this and other dis- 
tricts. The actual entrance of the magma may 
have taken part in the brecciation by tearing 
blocks of rock asunder, for brecciation along 
dikes is not an unusual feature in the district. 
The brecciation may be considered, then, a 
phenomenon directly connected with the vio- 
lent dislocation that attended the distention of 
the country rock and its invasion by magma. 

METAMORPIIISM. 
DXSTBZBtTTXOir AND OSHSRAL BSLATIOVS. 

The rocks throughout the several fractured 
terranes described above have to varying de- 
grees lost their normal igneous characteristics. 
Their original constituents — the feldspars, the 
quartz, and the ferromagnesian minerals (bio- 
tite and hornblende) — ^have been partly or 
wholly replaced by sericite, quartz, and pyrite, 
with lesser amounts of chlorite, biotite, and 
chalcopyrite; and superimposed upon this 
primary alteration have been changes caused 
by the downward circulation of oxidizing sur- 
face waters, wherein valuable concentrations of 
copper minerals have been brought about. 

In consequence outcrops within the more in- 
tensely fractured areas are iron stained and sili- 
ceous and of various hues of yellow, brown, and 
red, and in places the courses of strong veins are 
marked by a typical "iron hat." (See PI. V, 

B.) 

The fracturing was the necessary forerunner 
of this alteration or metamorphism, for the 
rocks that are not fractured show no. appre- 
ciable alteration, and the intensity of alteration 
is a direct function of the intensity of fractur- 
ing. This generalization applies equally well 
beyond the principal zone of alteration — ^f or ex- 



ample, along individual shear zones. In this 
district the two conditions are interdependent; 
a zone of notable fracture is generally a zone of 
alteration. This view is supported by the fact 
that the degree of alteration is practically in- 
dependent of the rock type affected. Granite, 
granodiorite porphyry, and allied dikes are al- 
tered to degrees depending not on their chemi- 
cal constitution but on their degree of fracture. 
Thus, for example, the principal zone of altera- 
tion crosses the main contact between pre- 
Cambrian granite and granodiorite porphyry; 
and the rocks across the Mangas Valley, beyond 
the prominent northwest - southeast fault, 
though proba'bly of later age than the porphyry 
west of Tyrone, show in part intense altera- 
tion — an alteration connected with a fracture 
system which, it seems to the writer, is inde- 
pendent of the main fracture zone of the dis- 
trict. 

VATX7&S or TBB IfXTAMOBPHISX. 

The metamorphism of the rocks of the Ty- 
rone district was brought about by two very 
different and altogether unrelated sorts of 
chemical activity. One involved changes pro- 
duced by ascending hot alkaline solutions aris- 
ing, so far as can be determined, from deep- 
seated igneous rocks, supposedly the lower por- 
tions of the quartz monzonite porphyry, now 
exposed at the surface; the other includes only 
changes produced by descending cold, slightly 
acidified rain waters, principally active above 
the zone of permanent ground water. The ore 
deposits of the district are in a measure due to 
the activity of both of these processes, but they 
are particularly related to the second process, 
without which there would have been no en- 
richment of copper minerals. 

These processes are discussed in detail under 
the heading "Mineralization" (pp. 24-40). 

PHYSIOGRAPHT. 

The geologic history of the Silver City region 
has been outlined on pages 7-10. The last chap- 
ter in this history, namely, the development of 
the present land forms, has special application 
to the ore deposits of the Tyrone district and 
therefore deserves more extended discussion. 

The dominant topographic features comprise 
the Little Burro Mountains, a monoclinal fault 
block; the Big Burro Mountains, an erosion 
remnant standing well above the surrounding 
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country; the great gravel plain, for the most 
part an accumulation of rock waste in an exten- 
sive inclosed basin and havingminor topographic 
features depending on erosion and aggradation; 
and a planated rock surface, now scored by ero- 
sion, bordering the Big Burro Mountains and 
merging on its outer border with the gravel 
plain. A minor feature is the panlike depres- 
sion within the planated area, formed by the 
erosion of the unaltered quartz monzonite por- 
phjrry. All these features are primarily the re- 
sult of the erosion of rocks of varying hardness 
imder special topographic conditions in a semi- 
arid climate, modified by faulting. 

Inasmuch as the copper deposits of the disr- 
trict occur beneath the planated rock surface 
above referred to, it is obvious that the pro- 
cesses involved in its formation and those 
effecting the enrichment or other modification 
of the ore bodies are related. A somewhat 
extended analysis of the history and origin of 
this planated surface is therefore warranted. 
A consideration of land forms will also throw 
light on the faulting of the region and thus aid 
in deciphering the history of the ore deposits. 
Many observers have commented on the fact 
that numerous moimtain ranges in the south- 
western part of the United States rise abruptly 
from sandy desert plains, like islands from the 
sea. The streams that flow down their can- 
yoned sides pour out debris in a series of great 
fans, whose edges coalesce to form sloping 
plains. The process of aggradation is in full 
play. An inspection of the Pleistocene de- 
posits in most of the Silver City area, however, 
indicates clearly that a decided change has 
taken place along their edges. 

Although the deserts farther south are still 
areas of active aggradation, or building up, 
much of the corresponding part of this area is 
being actively eroded. Yet there is abundant 
evidence that these gravels once formed an 
unbroken sheet that lapped up on the moim- 
tains they surround. The observer who stands 
upon the Big Burro Mountains and looks 
northward over the valley of Mangas River can 
not fail to be impressed, even astonished, at 
the intricacy of the carving by which the even- 
topped sheet of sand and gravel is cut into 
innumerable gullies and canyons, nor can he fail 
to conclude that the gravel must once have 
extended farther toward the steep mountain 
scarps. 



An interesting question immediately arises 
in connection with this intricate carving of the 
Pleistocene deposits : When and why did erosion 
become so manifestly active I The answer 
may be read in certain prominent physio- 
graphic features of the neighboring hard rocks. 
These featiu*es may be best observed from an 
elevated viewpoint. To the northwest from 
the summit of Four A Moimtain may be seen a 
remarkably fine example of a rock bench, 
which slopes gradually from the foot of the lava 
range on the northeast to the edge of the gravel 
sheet on the southwest. This bench is about 
2^ miles wide. It has three prominent char- 
acteristics — ^its inner border terminates abrupt- 
ly against a steep mountain flank, it slopes 
evenly away from. the mountains and is con- 
tinued in the gravel without a break, and it is 
sharply incised by canyons that pass into the 
gravel. 

Across the gravel toward the southwest there 
is a narrower but similar bench, which, when 
viewed from the top of the Little Burro 
Mountains, appears strikingly accentuated, 
forming the broad slope at the f o6t of the Big 
Burro Mountains. These benches may be 
explained by tracing to its end a cycle of 
erosion proceeding under the special conditions 
imposed by subaerial filling of inclosed basins 
of wide extent in an arid or semiarid climate." 

It is assumed, first, that inclosed basins were 
formed by a disturbance of level, such, for 
example, as that which produced the Basin 
Range system, with its partly buried moim- 
tains and detritus-filled inclosed valleys, con- 
tinental warping probably being the under- 
lying cause. Next is assumed a climate so 
arid that evaporation would prevent the rise 
of water in these basins and thus augment 
subaerial accumulation. These two conditions 
being assumed, it is apparent that a basin 
would be progressively filled from its center 
outward, and that this process of progressive 
burial would permit erosion to act with ac- 
cimaulating effect upon each succeeding un- 
buried portion of the basin — that is, the last 
part to be covered would have undergone the 
greatest erosion. Although it is true that 
there would be appreciable deposition of 
coarse gravel near the borders of the basin 
where streams debouched from the mountain 
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canyons, it should be borne in mind that such 
deposition must be confined largely to the 
stream ways. The interstream areas would 
remain without a mantle of gravel and thus 
continue to be subjected to erosion long after 
the center of the basin was effectively masked 
with fine debris. If the basin were of great 
extent the last part to suffer burial would 
probably have become a nearly planated sur- 
face. This end seems inevitable for the follow- 
ing reasons : First, the edge of the accumulat- 
ing gravel sheet — ^below which (vertically) 
erosion could not extend — determines a local 
base-level; and, second, the territory above 
the gravel would constantly tend to become 
reduced to the level of the gravel. But this 
level is slowly rising; therefore the end product 
of such a cycle would be a sloping, evenly cut 
rock plain abutting against a mountain scarp.^' 
The maintenance of this scarp is due partly 
to the cutting action of the mountain stream 
as it successively occupies the opposite borders 
of the convex alluvial fan formed at the can- 
yon mouth. Such a plain formerly bordered 
the Big Burro Mountains, and the copper de- 
posits of the district lie beneath its surface. 

At present, however, this Big Burro Moim- 
tain bench is imdergoing strong dissection, 
which, though probably a result of various 
causes, is believed to be due mainly to faulting 
and accompanying tilting of the faulted 
blocks. The gravel, in consequence, has been 
swept outward and removed from the surface 
of the bench, and relatively deep canyons have 
been cut in the underlying hard rock. 

Evidence to prove that the mineralized area 
is a tilted, faulted, fractured block may be 
found, first, in the master fault along the west 
border of the Little Burro Mountains (with 
downthrow on the west), which limits the 
Tyrone block on the east; and second, in the 
fault entering the Tyrone district from the 
northeast and crossing St. Louis Canyon a 
short distance above the old town of Tyrone 
(a fault downthrown on the south at Tyrone, 
but probably upthrown on the south farther 
west, as indicated by certain benches to be 

u Lawson, A. C, The epigene profiles of the desert: California Uniy. 
Dept. Geology Bull., vol. 9, pp. 23-48, 1915. 



mentioned later). Moreover, there is both 
direct and indirect evidence that the gravel 
sheet formerly extended much farther west- 
ward. 

The last two points need elaboration. In 
the section on faulting the evidence is set forth 
to support the statement that the fault which 
enters the Tyrone district from the northeast 
is downthrown on the south at Tyrone. Far- 
ther west, however, it has not been possible to 
locate this fault except by indirect evidence. 
Thus, it is known that the hypothetical exten- 
sion of the fault would correspond to the north- 
em boundary of the main fracture zone; but 
this boundary occurs wholly withm igne- 
ous rock, and the needed direct criteria for 
proving its presence are lacking. At this point 
the aid of physiography (the interpretation of 
land forms) becomes valuable. Just west of 
Copper Mountain and east of Deadman Gulch 
there are certain benches cut in rock and lo- 
cated precisely where the hypothetical bound- 
ary of the fault passes and at the border of 
the main fracture zone. These benches, how- 
ever, indicate a fault upthrown on the south, 
for their surface is presumed to correspond 
with the higher planated surface to the south- 
east, across the supposed fault. This throw 
is therefore opposite to that of the fault at 
Tyrone. The question is naturally raised. Is 
there not a hinge point somewhere between 
these benches and Tyrone ? Such a hinge point 
would in part account for the failure to trace 
the fault, for movement would be slight in the 
region of the hinge. 

The conclusions that these benches indicate 
a fault, and that this fault is upthrown on the 
south are further supported by the following 
facts: This line of disturbance may be traced 
a mile still farther southwestward, as shown on 
the geologic map, and coincides with the posi- 
tion of several alined topographic divides in 
which prospect drifts show well-defined fault 
gouges. Faulting is thus clearly indicated. 
Again, the maximum elevation of these 
benches, 6,280 feet, corresponds with the top of 
the planated surface to the north, across the 
intervening valley; whereas immediately to the 
southeast, across the assimied fault, the top 
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of the surface is at 6;400 feet, indicating a 
throw of 120 feet, with the uplift on the south. 
Returning to the evidence presented by the 
position of the edge of the gravel sheet, in 
support of the idea that tilting has occurred, 
we may refer first to the fact that on the south- 
em border of the Big Burro Mountains the 
gravel extends within a short distance of the 
steep slopes of the mountains. This is con- 
ceived to be the normal position of the gravel 
at the end of the cycle of erosion discussed 
above. Further, in some places in the Silver 
City region isolated outliers of gravel indicate 
that the main boundary has been eroded 
basinward; and finally, there are deposits of 
iron-cemented gravel in the vicinity of Tjnrone 



whose mode of origin indicates that their pres- 
ent position at the edge of the gravel sheet 
has been established recently (in geologic time) ; 
formerly such deposits were deeply buried, and 
the border of the gravel sheet was farther 
mountainward. 

Thus, in the light of all the evidence avail- 
able, it would' seem reasonable to postulate 
that the planated rock surface beneath which 
the copper deposits occur was first a smooth 
gravel-covered, sloping plain; that it was sub- 
sequently faulted and tilted eastward; that the 
gravel was stripped from its surface and can- 
yons cut within it; and finally, that during all 
these changes the copper deposits were being 
more or less modified. 



Part II.— THE COPPER DEPOSITS. 



HISTORICAL NOTES. 

Until the late seventies and early eighties 
the Burro Mountains were the stronghold of 
the savage Apaches, and it was a common 
belief that no prospector ever returned who 
chanced to wander into the region. The beauti- 
ful Mangas Valley, to the northeast, received 
its name from the notorious Apache chieftain 
Mangas Coloradas (Spanish for red sleeves), 
whose deeds are written in blood on the pages 
of frontier history. It is probable that the 
Indians mined for turquoise before the district 
was known to white men.^^ 

The ''old timer" John E. Cbleman, better 
known in the early days as "Turquoise John," 
is generally credited as being the discoverer of 
the district, as no prospecting of any conse- 
quence was ever done before his time. He 
was in the district in 1879 and made a number 
of locations of both copper and turquoise, 
having discovered turquoise in some ancient 
workings during that year. Nevertheless it 
seems that Robert and John Metcalf were the 
first to make locations in the region, about 
1871. They found both turquoise and copper. 

The St. Louis deposit was discovered in 1879 
by James BuUard, John Swisshelm, and J. W. 
Fleming, and shipments of surface ore were 
made to Denver.^* The discoverers negotiated 
a sale with Paschal R. Smith and IVank 
Marshall, who organized the Val Verde Copper 
Co. and erected a 50- ton re verberatory furnace 
in Deadman Oulch. The town around the 
works was called Paschal. The company 
owned the St. Louis, Burro Chief, Boston, 
Marshall, Copper Mountain, and several other 
claims. The nearest railroad point was Dem- 
ing, N. Mex., over 50 miles distant, and the 
wagon haul cost $50 a ton. The ore was 
obtained mostly from the St. Louis mine and 
smelted in the reverberatory furnace. The 
supply of high-grade material was small, and 
the operating costs were so high that the com- 
pany soon failed. Later a 500-foot shaft was 

M Jones, F. A., New Ifexioo mines and minerals, pp. 5S-M, 1904. 
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simk on the St. Louis claim, and a large body 
of sulphide ore was foimd. 

Two years later another company, under the 
management of Colonel Smith, built a smelting 
plant at Oak Grove, but this ran only a short 
time. 

Soon afterward Judge Deming organized the 
Alessandro Copper Co. to work a group of 
claims about 3 miles east of the St. Louis mine. 
The treatment plant installed here involved a 
leaching process, using sulphuric acid made on 
the groimd from pyrite. The low grade of the 
ore, the lack of a railroad, and the attempt to 
leach 30 years ago resulted in failure. 

The Val Verde Copper Co. merged with the 
Southwestern Copper Co., and all operations 
were suspended on account of marauding 
Indians. During this time other discoveries 
were made in the district, among which was 
the Sampson deposit, found by George Sublett 
and Robert Thompson. 

In 1904 Theodore Carter interested the Leo- 
pold Brothers, of Chicago, in the St. Louis mine 
and other properties and organized the Burro 
Mountain Copper Co.'* This company took 
over the St. Louis, Sampson, Boston, and other 
claims belonging to the Southwestern Copper 
Co. A 150 to 300 ton mill was built at Leopold 
and treated 4 per cent ore from the Sampson 
and St. Louis claims. 

In 1904 Phelps, Dodge & Co. bought a third 
interest in the company and acquired at the 
same time an option on the remaining two- 
thirds of the property. 

About 1905 the Comanche Mining & Smelting 
Co. and the Copper Gulf Development Co. 
started developing property in the camp. 
They merged later as the Savannah Copper Co. 

In May, 1906, the Briggs Oliver Develop- 
ment Co. took under option the Burro Chief 
group, belonging to Thomas S. Parker, and 
started Nos. 1, 2, and 3 shafts at Tyrone. This 
company later became the Tyrone Develop- 
ment Co., and then the Chemung Copper Co. 
It carried on extensive development work, 



u Wade, R. W., Eng. and Min. Jour., Aug. 15, 1014, p. 287. 
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sinking shaf is, driving drifts, crosscutting, and 
blocking out ore bodies. 

The Phelps Dodge Co. bought out the Leo- 
pold interests in the Burro Mountain Copper 
Co. and in 1913 purchased the Chemung Copper 
Co. and the property of a number of individual 
claim holders. 

NATURE OF THE DEPOSITS. 

The principal copper deposits of the Tyrone 
district are chalcocite ore bodies in porphyry 
and granite. They owe their value to the en- 
richment of pyrite and chalcopyrite by de- 
scending rain water. No primary ore is mined 
in the district.. The deposits exhibit all the 
characteristics of the now well-recognized chal- 
cocite '^ porphyry" ore. The chalcocite is 
either disseminated regularly throughout large 
masses of fractured country rock or concen- 
trated along exceptionally strong veins or shear 
zones. The valuable ore bodies are character- 
ized by both these features. The chalcocite 
ores are everywhere overlain by ground of 
variable thickness either barren of copper min- 
erals or containing carbonates and other oxi- 
dized copper minerals; and at varying depths 
beneath the workable chalcocite ores the pri- 
mary pyrite is everywhere encountered. The 
deposits are clearly related to zones of intense 
fracturing and do not appear where such frac- 
turing is lacking. As they exist to-day, they 
are not the result alone of a long period of en- 
richment but clearly reveal the effects of per- 
haps equally extensive impoverishment. 

The principal ore bodies lie within a north- 
eastward-trending zone of fracture between 
Leopold and Tyrone. They may be considered 
the end result of, first, primary mineralization 
of a fracture zone in porphyry and granite; 
second, enrichment by downward percolating 
rain water at various stages in their develop- 
ment; third, impoverishment of previously ex- 
isting ore at various stages by leaching. 

In harmony with the nature of their origin, 
the ore bodies are very irregular in size and 
shape. They range from roughly blanket-like 
masses, grading upward into oxidized ground 
and downward into primary pyrite, to strong 
veins or shear zones, which are likewise barren 
near the surface and too lean to be of value 
below, where chalcocite gives way to primary 
pyrite. 



The East ore body, about 700 feet long and 
600 feet in greatest width and related to two 
strong fractures, is typical of the blanket type. 
At the top and bottom the body has little 
horizontal extent, but it swells notably at the 
middle, its form being regulated somewhat 
sharply on the west and northwest by the St. 
Louis and North veins, respectively. To the 
east and south the ore merges with country 
rock carrying too little copper to be regarded 
as ore. 

The so-called ^'flat veins" of the Chemung 
group are typical of the shear-zone type. Here 
strong central anastomosing veins constitute, 
with the adjoining wall rock, profitable ore 
bodies. 

The roughly cigar-shaped form of the richer 
bodies near Leopold may be discerned from 
the mine maps, where the narrowing and widen- 
ing of the worked-out stopes on various 
levels may be clearly seen. 

It is highly probable that the localization of 
all these ore bodies was determined by the 
presence of an appreciably greater amount of 
chalcopyrite than is found on the average 
throughout the rock mass. 

PRIMARY MINERAUZATION. 
QBNXBAL VBATUSXS. 

The primary mineralization of the grano- 
diorite porphyry and the granite was effected 
by the passage through these rocks in number- 
less channels; some large but most very small, 
of great quantities of aqueous solutions, the 
mineral content of which not only filled the 
countless open fractiu'es in the rock but 
metasomatically replaced the wall rock of 
fissures great and small, searched out the 
innermost parts of the rock mass, and, to 
various degrees of perfection, performed its 
work of alteration. Although the changes 
thus accomplished, measured by the quantity 
of material introduced, indicate a chemical 
interchange on a vast scale, the minerals 
formed are few in number and characteristic 
throughout the area. 

Of the nonmetallic minerals, sericite and 
quartz far exceed in amount any others. Li- 
deed, except for a little chlorite, a little sec- 
ondary biotite, a little calcite and epidote, and 
an amount of fluorite not easily estimated (as 
described below), they may be said to be the 
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characterutic nonioetalUc accompaniment of 
the alteration. 

Of the metallic minerals, pjrite ia pre- 
emiaently the most abundant, and considering 
the fact that copper is the valuabjle metal 
sought in these deposits, there is an astonishing 
scarcity of chalcopyrite and a lack, so far aa was 
observed, of kny other primary copper mineral. 
A little zinc sulphide occurs, also a little 
molybdeiute, but besides these there ia a 
defu'th of introduced metals. Sericite and 
secondary quartz are present in the meta- 
morphic rocks in amoimt« ranging from a few 
scattered flakes of sericite within the feldspars 
to aggregates almost completely replacing the 
rock. Of these two minerals, however, sericite 
is by far the more abundant. 

rOBlCATIOlT OT SKBICm. 

The fonnation of sericite has apparently 
proceeded under two sets of physical condi- 
tions — it has filled open cracks in the rocks as 
veinlets, either with or without quartz, or it 
has metasomatically replaced the constitu- 
ents of the rock. The second mode of occui^ 
rence is the predominant one. The nature. 
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texture, and composition of the rock replaced, 
the nature of the solution that accomplished 
the alteration, and the time during which it 
acted eadh affected the end reaulta. - Slightly 
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altered granites may show a few flakes of 
sericite scattered through the feldspars. In 
another place the chemical composition of parts 
of zoned feldspar may have offered the neces- 
sary chemical environment, and the sericite is 
seen in an orderly arrangement within the 
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feldspar, following crystallographic directions 
or cleavage planes. In rocks more strongly 
affected the feldspars may all be filled to vari- 
ous degrees with sericite blades, while the 
quartz remains entirely unaltered. In a yet 
more advanced stage sericite replaces the 
edges of quartz grains, and from this stage on 
a progressively more nearly complete replace- 
ment may be observed to ^ose rocks in which 
quartz and feldspar alike are filled with sericite 
blades. 

How quartz is formed or introduced in these 
various stages is not clearly understood. The 
fact that it fiUs cracks in the other mineral 
grains as countless veinlets and laiger veins 
is dearly observed, but quartz has also replaced 
the walls of veins and veinlets, and in such po- 
sitions it is not ever3rwhere clear what portioq 
has been introduced and what portion is a 
residuum from reactions involving tiie for- 
mation of sericite. (See fig. 6.) From a study 
of thin sections, however, and from observer 
tion in the field, it is believed that the bulk of 
the secondary quartz occurs either in open 
fillings or in the replaced walls of the veins not 
far from the feeding channel of circulation. 
It may thus replace a laif;e body of rock in a 
sheeted zone where ready access was afforded 
to the circulating solutions. (See fig. 7.) 

It may be shown that the deposition of 
quartz and that of seridte are under certain 
assumed conditions intimately related — that 
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the formation of the sericite demands the set- 
tmg free of a certain amomit of silica. Whether 
this silica is immediately redeposited or not 
would depend upon conditions; the arbitrary 
asstunption of which leads to no particularly 
valuable conclusion. For example, the re- 
placement of a molecule of albite by a molecule 
of sericite, if the siHca of the albite molecule 
remains constant — that is, furnishes all the 
silica needed — ^results in a volume change, which 
demands more space for the resulting sericite 
than was taken up by the albite molecule. Of 
necessity, then, siUca of the albite molecule 
was set free to be deposited immediately near 
by as quartz or to be carried off in solution. 
Observation of many thin sections shows that 
in some places the quartz was clearly not de- 
posited near by and therefore was carried off 
in solution. Where the rock certainly contains 
more quartz than originally the question may 
well arise, How much of this quartz is residual 
and how much introduced? But the original 
tock was so variable in its content of quartz as 
to make an answer to this question of little 
▼alue. 

On the other hand, if the anorthite molecule 
is replaced by sericite, stable silica being as- 
sumed, there is insufficient quartz in the 
anorthite to fill out the entire space with 
sericite, and therefore silica must be supplied 
by the solution. 

If all the material of the albite molecule were 
replaced by the sericite molecule — that is, if 
all its silica took part in the reaction — a larger 
space would be needed, and thus it is evident 
that this reaction can not take place if such 
space is lacking. Probably, therefore, a por- 
tion of the albite molecule goes into solution 
before replacement properly begins, and it is 
this general rule that must operate wherever 
it can be shown that replacement does not pro- 
ceed by interchange of equivalent weights. 

As a matter of fact the igneous rocks in- 
volved in these reactions contain feldspars 
which are mixtures of the albite and anorthite 
molecules. 

If the porosity of the altered rock may be 
used as a criterion of the resultant, it would 
seem that ample space was at hand for these 
reactions, for the pore space of the altered rock 
exceeds that of the unaltered rock. 

The transformation of feldspar to sericite, 
theoretically at least, may be brought about by 



highly heated water alone, thus : Orthoclase re- 
acting with water alters to sericite, potassium 
silicate, and siUca. 

3KAlSi A + H,0 = KH^,Si,0„ + K^SiO, + 

5SiO, 

The potassium sdicate is carried off, while the 
Uberated silica may be partly removed in solu- 
tion or it may recrystallize as quartz." Or the 
reaction may be chemically expressed as fol- 
lows,^' water containing carbon dioxide being 
the only reagent necessary: 

3KAlSi,0, + H,0 + CO, = KH,Al,(SiO,), -h 

K,CO, + 6SiO, 

Sericite forms with as much ease from oligo- 
clase,- andesine, and labradorite as from ortho- 
clase," as is supported by field evidence at Ty- 
rone, where all these varieties of feldspar are 
more or less transformed to sericite. 

The occurrence of notable amounts of fluorite 
as a vein filling at several places in the Tyrone 
district and observations in the mines, below 
the zone of chalcocite enrichment, which sug- 
gested that quartz phenocrysts in the porphyry 
had been dissolved raised the question whether 
fluorine had not been active in secondary altera- 
tion and whether its source was to be sought not 
only in fluorite but also in sericite. It is well 
known from analyses that muscovite carries 
fluorine, but its presence in sericite has not been 
supported by so much evidence. Spurr ^ has 
argued that fluorine is necessary for the forma- 
tion of sericite, but his tests were not convincing 
as to the fluorine content of sericite, though its 
presence to the amount of 0.12 per cent in a 
specimen (which contained no sericite) indi- 
cated that the waters which altered the rock 
contained it. 

Believing that the influence of fluorine may 
be very potent in both the primary and the sec- 
ondary alteration of the rocks, the writer se- 
lected a typical sericite vein for analysis, and 
the presence of fluorine in the sericite was defi- 
nitely established. 

The specimen chosen for analysis was part of 
a replacement vein about 1 inch thick, typical 

" aarke, F. W., The data of geochemiiitry, 4th ed.: U. 8. Oeol. Survey 
BuU. 605, pp. 596-597, 1920. 

u Lindgren, Waldemar, Metawmatic processes tn Assure vetns: Am. 
lost. Min. Eng. Trans., vd. 30, p. 608, 1901. 

I* Blschof, O., Lehrbuch der chemischea and physikalischen Geologie, 
2d ed., vol. 1, pp. 31 et seq., p. 44, 1863. 

« Spurr, J. E., Geology of the Tonopah mining district, Nev.: CJ. 8. 
Qeol. Survey Prof. Paper 42, pp. 233-233, 1905. 
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of countless similar veins that traverse the 
fractured altered rocks, lie mineralogy was 
simple, as it consisted of quartz, seiicite, and 
pyrite. After the specimen was freed from 
as much pynt« as possible the following re- 
sults were obtained on analysis: 

Analynt of tptdmen /roia replueemeTit vein. 
[Oaorft Sulgtf, uulj'it.l 

Saica(SiO,) 68.11 

Alumina {AijO,) 1ft 84 

Ferric oxide {Fe,Oj) 80 

Ferrous oxide (FeO) 3. 53 

Lime(CaO) 44 

Magneei* (MgO) 60 

Sod»{Nft,0) 44 

PoUah(K,0) 4.08 

Sulphur (S.) 3.15 

FliMWine (F) OB 



The mineral composition computed from this 
analysis is quartz 45.30 per cent, sericite 46.09 
per cent, pyrite 6.6S per cent, and by allotting 
all the fluorine to the sericite it may be shown 
that this mineral carries practically 0.20 per 
cent of fluorine, a notable amount. 

Thus as the sericite generally contains an ap- 
preciable amount of fluorine, the explanation of 
the breaking down of feldspar by hot waters 
alone or by carbonated waters may be consid- 
ered simply as a supporting argument for a far 
more potent cause — that is, the presence of flu- 
orine in the primary solutions." 



The silicification and sericitization of the 
rocks was accompanied in many places by 
pyritization and the introduction of copper, 
probably in the form of finely disseminated 
chalcopjnite. The pyrite accompanies quartz 
in nimiberless veinlete and veins (see fig. S) 
and also impregnates the wall rock. In fact, 
there is every reason to beUeve that the sulphur 
needed to form the pyrite was an element in 
the solutions which carried the potash necessary 
for the formation of sericite. The outline of 
pyrite grains within the wall rock of veins is 
usually sharp, transecting quartz, feldspar, and 
sericite alike, suggesting that the mineral was 
formed during alate stage of the metamorphism. 
It is b^e that in some places sericite blades may 



be observed penetrating grains of pyrite, but 
this is unusual and indeed would seem to point 
to no more than contemporaneity of origin at 
that place. There is no evidence to be 
gathered from the thin sections to support the 
view that the pyritization was decidedly earlier 
than the sericiUzation and that the sericitizar 
Uon was a late phenomenon, as is held by 
Rogers,'' who concludes that "Sericite is a 
rather low-temperature mineral formed at or 
toward the close of the hydrothermal period." 
The pyrite varies greatly in amount. It is 
most abundant in strong veins where circula- 






F[QUB« 8.— MlnuW »i 



d bj- quan 



tion has been very active. At certain places 
within the Breccia ore body pyrite is ex- 
ceptionally abundant, solidly filling spaces 
several feet in diameter, between fragments of 
the breccia. 

COHFOSinON OF TB> SOLtJTIOHS. 

If, as shown above, the primary alteration of 
tiie rocks consisted in the formation of sericite, 
quartz, and pyrite, accompanied by fluorite, 
epidote, calcite, and chlorite, it may portinenUy 
be asked, What was the nature of the solutioos 
that performed the work 1 No analyses of the 
rocks in this district have been made. This 
course was decided upon after careful con- 
sideration of results in other places where 

a Bocan, A. F., Ecoa. aaolocy, vol. 11, p. lU, ms. 
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almost precisely similar associations or rocks 
and metamorphic processes prevail. It has 
been shown that in such districts potash has 
been introduced while soda^ lime, magnesia, and 
alumina were removed; also that sulphur has 
been introduced while the proportion of quartz 
apparently remained about stationary. 

It is believed that in the Tyrone district 
fracturing was the forerunner of metamorphism 
and that the degree of the one influenced the 
degree of the other; and as the intensely 
fractured zones contain great quantities of 
visible vein quartz and afford evidence that the 
walls of numberless veins were replaced by 
quartz it does not seem possible to believe 
that the silica present in the original rock at 
any particular level was sufficient to account 
for the quartz which may be observed. The 
same conclusion is believed to be warranted 
as regards the iron in combination with sulphur 
to form pyrite. Although the iron of the ferro- 
magnesian minerals, biotite and hornblende, 
did combine with sulphur to form pyrite, as is 
clearly indicated where these minerals are 
altering to chlorite, sericite, pyrite, and quartz, 
yet the large quantities of iron necessary to 
form the pyrite of the heavy veins must, in 
part at least, have come from below. 

If for a moment the more obvious nature of 
the reactions involved is considered, some idea 
of the elements in solution may be obtained. 
If, for example, potash was being exchanged 
for soda, Ume, and magnesia, then all these 
elements must have been present in the solu- 
tion, for at no particular point could it be 
determined that any of them was depleted. 
That some of the iron or alumina or soda may 
have been picked up below and that some 
potash may have been lost below can not be 
denied. In fact, that the solution was con- 
stantly varying in character as the reaction 
went on seems a necessary conclusion. Thus 
conceived, it would seem that sodium, potas- 
sium, magnesium, iron, sulphur, copper, zinc, 
silica, and fluorine were all present. That 
under the conditions that prevailed the solution 
was nearer concentration by potash than by 
any other of these elements would seem axio- 
mi^tic from the sericitization of the rocks. It 
is also apparent that progressive enrichment 
of sodium and lime would take place in the 
solution. 



OBIOIK OV THX SOLUTIONS. 

The type of alteration just described implies 
the movement through the rocks of great quan- 
tities of aqueous solutions. It is futile to 
attempt an absolute proof of the origin of these 
solutions from deep-seated igneous rocks, but 
that they did so originate is for many reasons 
the most probable hypothesis. Alteration of 
this type is characteristic of fractured zones 
near and within intrusive bodies chemically 
allied to the one at Tjrrone throughout a wide 
territory in the western United States and 
other parts of the continent. It has been 
shown that fracturing probably soon followed 
intrusion. Igneous dikes cutting the main 
mass indicate waning igneous activity. That 
aqueous solutions should continue to be given 
off from lower portions of a fractured consoh- 
dated magma is reasonable, and there is noth- 
ing in the nature of the elements which these 
solutions have been shown to contain that 
opposes this view. Indeed, the presence of 
fluorite and less conspicuously of apatite in 
veins indicates a magmatic source of the solu- 
tions. The intensity of the alteration indicates 
hot or at least warm waters. It is true that 
surface water might sink and later become 
heated, but there is nothing to show that this 
occurred here. Any hypothesis which assigns 
such alteration and mineralization to meteoric 
circulation must explain when and how the 
various substances needed were taken up and 
should cite evidence that such water at great 
depths exists and facts to prove that it could 
circulate through appropriate channels. 

The association of springs with volcanic 
activity, the admitted and proved content of 
water in igneous magmas, and the connection 
between igneous magmas and volcanic activity 
all point to the conclusion that such solutions 
as are here considered were probably the last 
expression of a period of magmatic injection. 

ALTEl^TION. 
GENERAL CONDITIONS. 

For a long time, perhaps during more than 
one period of erosion, rain water has been falling 
upon the surface of the altered rocks of the 
Tyrone district. These rocks when first ex- 
posed to erosion were composed essentially of 
feldspar, quartz, sericite, and pyrite, with a 
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small percentage of chalcopyrite. They are 
now very diflferent. That part of the rain 
water which sank beneath the surface has pro- 
duced important changes. 

At the surface in the place of pyrite there are 
at the present time limonite and hematite in 
great abundance, kaolin, and in sparing 
amoimts the oxidized copper minerals, mala- 
chite, azurite, chrysocolla, cuprite, etc. Na- 
tive copper occurs in a few places. Lower down 
there is pyrite coated with chalcocite or 
wholly replaced by it; in places this is the pre- 
dominant mineral. Still deeper it becomes 
less conspicuous, and the unaltered pyrite is the 
only sulphide visibly present. 

The factors that control the speed and 
thoroughness with which such a change takes 
place are physical. The depth to which oxida- 
tion ean be effective is governed, jfirst, by the 
fractures in the rock; second, by the position 
of the ground-water table, below which oxida- 
tion does not occur to an important degree. 
The thoroughness of the process is dependent 
upon the ease of circulation and the quantity of 
water supplied. Under stable conditions, 
which are seldom if ever reahzed, all the copper 
would ultimately be deposited as chalcocite 
near the water table. Thus viewed, the block 
of ground between the surface and the water 
table has acted in a measure as a great selective 
filter through which rain water leaching out the 
copper from higher levels has precipitated it 
again within narrower limits below. The proc- 
ess, however, is a chemical one. 

Several factors have served to complicate 
the orderly oxidation of the mineralized rocks. 
First, the topography and underground drain- 
age in this region have not always been as they 
are to-day. In consequence, the position of 
groimd water has shifted from time to time. 
Second, the degree of fracturing varies greatly 
in different parts of the rock body, and circu- 
lation has therefore been irregularly distributed. 

GBOUKD WATBB. 

The records of a number of drill holes prove 
that at the present time ground water thor- 
oughly saturates the rocks below a rather 
definite level. This nearly plane surface slopes 
gently from the country west of Tyrone to 
the Mangas Valley, beneath which it is nearly 
horizontal. It slopes gently northward down 
the Mangas Valley and southward toward the 
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desert and Deming. The cross sections in 
figures 9 and 10 clearly bring out these facts. 
Sections approximately north and south along 
the Mangas Valley show that the water level 
beneath the gravel does not vary more than 60 
feet in elevation, whereas the elevation of the 
surface may vary several hundred feet. This 
is to be expected. The gravel that fills the 
Mangas Valley is porous, and water falling 
there easily finds its level. The gentle up- 
ward slope of the water table toward the west 
corresponds almost exactly with the slope 
of the rock surface that borders the gravel 
deposits and reaches the Big Burro Mountains. 
Such an accordance of slope and the fact that 
at other points the level of water corresponds 
proves that the rock here also is saturated 
below a rather definite level. Its porosity, 
however, is due to fractiiring. 

The position of this water table does not 
apparently bear any significant relation to the 
position of maximum enrichment of the chal- 
cocite ores. (See cross sections, figs. 9 and 
10.) At some places enrichment ceases above 
the water table; at others the position of 
maximum enrichment corresponds with the 
water table; at still others it descends well 
below the water table. This variation sug- 
gests that when the ores were formed the posi- 
tion of the water table was quite different 
from that of to-day. Moreover, there are 
places in the mines where barren sheeted zones 
carrying limonite and quartz cut through and 
below bodies of chalcocite ore. Such evidence 
supports the idea that the conditions that 
govern enrichment to-day are radically differ- 
ent from those that prevailed when the chal- 
cocite ores were being formed at the levels 
where they are now found. This discordant 
relation of ore to ground water is further em- 
phasized by a consideration of the cnaleocite 
in relation to primary pyrite. The depth to 
which chalcocitization has been effective varies 
greatly, and the bottoms of the ore bodies are 
very irregular surfaces. 

PERIODS OF SKBIGHMBNT AND CHANQSS IK 
THE LEVEL OF GBOTJKD WATEB. 

An explanation for the conditions described 
above must be sought in the geologic history 
of the region. Fortunately the broad studies 
of the Silver City quadrangle afford some basis 
for such an explanation. 
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COPPER DEPOSITS OF THE TYRONE DISTRICT, NEW MEXICO. 



Evidence is clear that Tertiary lavas flooded 
a country of irregular relief, already eroded 
to sufficient depth to expose the mineralized 
quartz monzonite at Tyrone. At that time, 
however, the outcrops of the monzonite stood 
higher than at present and formed no such 
even plain as is indicated by the topography 
of to-day. Enrichment began, therefore, well 
before the lavas appeared. 

The position of the ground water at that 
time can only be conjectured, but it is reason- 
able to suppose that the water table was more 
irregular than at present, for the topography 
was more rugged. This supposition is also 
supported by evidence furnished by drill 
records in the Tyrone district, for the bottom 
of the enriched ore is extremely irregular and 
clearly was not determined by any particular 
level of ground water — that is, the chemical 
activity of the descending solution that formed 
the ore was not halted by the presence of any 
regular sheet of imderground water. Evi- 
dently the chalcocite never came into contact 
with such water. The maximum depth at 
which it was deposited was determined by 
other factors than the presence of a water table. 

How far enrichment proceeded before lava 
flooded the country is not known, but such 
flooding must have very effectually retarded 
the processes of enrichment. This pre-lava 
enrichment may be considered the first stage 
in the development of the ore bodies. Then 
foUowed a long period during which the rocks 
were again being stripped from above the mm- 
eralized area. During this second period of 
erosion conditions of the imderground water 
were surely different from those that prevailed 
during the first period, and probably during 
this stage of the formation of the ores the 
leadung so evident in the mines occurred. It 
is conceived that the new conditions of erosion 
and underground drainage set up by this lava 
flooding and the crustal adjustments that 
probably took place incidentally thereto may 
account for this leaching, which is so difficult 
to explain otherwise than by referring it to 
some period wherein the physiographic control 
of drainage was radically different from that 
of the present. These leached zones, within 
which steeply dipping sheets of ground con- 
taining essentially only limonite and quartz 
descend far below present water levels, pass 
through the ore bodies and well into regions of 



unoxidized pyrite. This period of post-lava 
leaching may be considered the second stage; 
it probably passed by insensible gradation into 
the third stage. 

An essential initial condition of this third 
stage must have been the outUning of great 
structiu*al undrained basins as a result of 
warping and faulting. There is evidence that 
this condition was reached slowly. For ex- 
ample, the drainage of the Little Burro Moun- 
tains points clearly to a gradual rise of these 
mountains. The streams cut directly across 
the mountains. As the block rose the streams 
were able to cut their channels down equally 
fast. It may well be that the raising of this 
block impounded the ground water and caused 
it to rise in the Tyrone area. 

Then began the great accumulations of 
gravel now so widely distributed, occupying 
these great inclosed basins. The underground 
drainage, formerly so free, now imderwent a 
gradual change. Extensive planated surfaces 
sloping gently to the edge of the gravel de- 
posits from the mountains were formed. These 
smfaces were cut in rock. Their formation, 
as has been pointed out in the chapter on 
physiography (pp. 19-22), was directly brought 
about by the accumulating gravel deposits. 
These smf aces are in the nature of peneplains, 
with the difference that during their formation 
the level toward which erosion tended to lower 
them was gradually rising. The portion of 
these plains farthest removed from the gravel 
deposit was the portion more perfectly planated. 

It is evident that while such plains were 
being cut along the borders of the gravel 
deposits the groimd water beneath the gravel 
rose gradually as the gravel filling proceeded 
and extended beneath hard rocks where these 
were fractured, up the slopes of the planated 
rock surface, as it does to-day. It is equally 
evident that as soon as ground water reached 
a particular level in the mineralized pyrite 
zone enrichment ceased below that level. 
The areas covered first by the gravel, there- 
fore, were the first in which enrichment be- 
came inactive. The area farthest away from 
the gravel sheet remained subject to enrich- 
ment the longest. With this relation in mind, 
it is a striking fact that the richest ores of the 
Tyrone district are to the west, at the maxi- 
mum distance from the gravel sheet, also that 
i they are the shallowest. Their richness may 
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well be due to their relatively prolonged period 
of enrichment; their shallowness may well 
be due to the higher stand of the ground water, 
for the ground water slopes upward toward 
the mountains on the borders of inclosed 
desert basins, and probably here it always 
stood higher than toward the valley. 

Physii^aphic evidence elsewhere within the 
Silver City quadrangle shows that deposits of 
gravel extended well up the slopes of such 
planated rock surfaces as are being considered 
here, and it is reasonable to suppose that 
ground water at such times stood higher than 
it does to-day — that is, the chalcocite zone at 
Tyrone was probably once flooded even more 
than it is at present. Direct evidence on this 
point consists in iron-cemented gravels lying 
upon the porphjTies. These indurated de- 



in the topi^aphy to-day. During this stage 
faulting was probably very active, and 
the particular block of ground here con- 
sidered is believed to have been tilted to the 
east, having been broken along the fault that 
borders the west side of the little Burro 
Mountains. Such tilting would have the 
effect of raising the chalcocite zone on the 
west side of the block with reference to ground 
water, while relatively lowering it on the east 
side. Here again, therefore, enrichment was 
more favored to the west than to the east. 

This period of erosion, however, while in all 
probabihty it served to enrich portions of the 
ore bodies — -for example, those under hills — 
resulted in a second period of impoverishment 
of other portions, such as the leached ground 
in valleys, consequent on the erosion which 
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posita are precise markers of horizons where the 
top of ground water passed from solid rock 
into gravel. (See fig. 11.) They occur where 
water, passing into porous gravels from the 
more solid rock, deposits a portion of its iron 
content as limonite. Such deposits in the 
Tyrone district therefore prove not only that 
the gravel extended farther west than at 
present (these deposits are now at the edge of 
the gravel), but that the ground water once 
stood much higher, for it is now far below these 
deposits. This high stand of ground water 
may be considered the culmination of the 
third stage, of enrichment. 

The fourth stage in the development of the 
ores was initiated by the movements that 
upset conditions producing a^radation and 
brought about the dissection both of the 
gravels and of the planated rock surfaces, the 
marked effects of which are so prominent 



they have suffered. Thus the fourth stage 
in the development of the ore bodies is brought 
up to the present time, when leaching and 
enrichment are both going on above the 
ground-water table. Should conditions re- 
main stable for a long period, a concentration 
of chalcocite will be brought about near water 
level. 

FOBHATION OF CHALCOCTTB. 

The study of the chalcocite ore bodies at 
Tyrone leaves little room for doubt that they 
were produced by enrichment. Although the 
lower portions of many ore bodies could not be 
examined, being under water, it is believed 
that no facts of particular importance would 
have been discovered had these portions been 
accessible, for there was an opportunity to 
observe both the top and the bottom of several 
chalcocite ore bodies, and there is no reason 
to believe that others- were essentially different. 
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The primary Bulphides are pyrite and a very 
small amount of chalcopyrite. The chalcocite 
replaces to various degrees both of these min- 
erals. (See fig. 12.) Usually above an ore 
body there is a zone of leached ground in which 
sulphides are lacking. Still higher there may 
be carbonates and oxides, near or at the sur- 
face. In other places the chalcocite zone is 
surmounted immediately by oxides and car- 
bonates, no barren zones being present. 

At various depths the chalcocite zone merges 
with the zone* of unaltered pyrite, and here 
there are in places prominent veins of kaolin- 
like products metasomatically replacing the 
pyritized porphyry. 



Iti, 








a«ic« 






m 








Seric 


tjiea fr Id spar 


■%SS£S^ 


<, 





The explanation of enrichment is found in 
the cbemical interaction of rain water and the 
primary sulphides contained in the porphyry. 
According to Spencer," 

Rain water carriee in solution the various gams of the 
air, including oxygen and carbon dioxide. In arid and 
semiarid regions it contains also noteworthy amounts of 
common salt, which may be regarded aa of wind-blown 
origin. As theee waters pass into the soil and into the 
porous weathered capping that liee above the ore mass 
they come into contact with orthoclase and mica and with 
oxidic compounds of iron and copper and basic carbonates 
of copper. (Note here that the process bein^f describeil is 
that in progress at the present time and does not begin 
with the unoxidized pyrite. The result is, howe\er, 



■■ Spauccr, A. C, ChalcotiM eorldimmt: Ecoi. OsgloKr, ti 



. 8, pp. I 



essentially the same, as will bs pointed out below.— 
A. C. 8.) 

Metallic copper and the red oxide cuprite are also fairly 
common in the overburden. The silicate minerals in the 
capping tend Xa make the water alkaline,'* but as they are 
only eli^tly attacked, this tendency is likewise sli^t. 
Of the metallic minerals in the capping, those containing 
sulphate decompose, being somewhat soluble, the final 
result being to produce and to leave in place insoluble 
limonite and copper carbonates and to furnish small 
amounts of iron and potash sulphates to the solution. 
Thus far the dissolved oxygen does not enter largely into 
reaction, because most of the minerals of the capping are 
already fully oxidized. The only exceptions to be noted 
are cuprite and native copper. Also, the carbonic dioxide 
has been by no means exhausted. Beneath the capping 
the solution encounters material rich in sulphide miaerals 
that are subject to ready oxidation. Here, then, chemical 
action between the oxygenated water and the sulphide 
minerals ensues, a series of reactions l>eing initiated, of 
which series the culminating reactions involve the deposi- 
tion of chalcocite. At first the water contains free sul- 
phuric acid furnished by the decomposition of pyrite, hut 
gradually the acid becomes neutralized fay faases furnished 
by the gangue minerals, and at sufficient depths thesolu* 
tions become alkaline. 

In the Tyrone mines, however, prominent 
veins of kaolin below the zone of chalcocite 
enrichment indicate the presence of free sul- 
phuric acid. As the formation of chalcocite is 
accompanied by the formation of sulphuric 
acid, this condition would seem normal. 
Spencer continues: 

If considered with respect to the minerals decomposed 
the reactions that occur beneath the capping pi«eent a 
succession of oxidations, whereas if considered with 
respect to the active solution the changce are of course as 
coQsisteiitly in the direction of reduction. The reactions 
may be considered in three groups, assignable in a general 
way to higher, intermediate, and lower positions in the 
body of sulphide-containing material. In the upper part 
of a sulphide ore body atmospheric oxygen is the oxidizing 
agent; somewhat lower down, where free oxygen has been 
exhausted, ferric sulphate becomes active; and after the 
oxygen made available by this carrier has been utilized 
cupric sulphate furnishes oxygen. The ocfion of euprie 
tidphaU " on pyrite and chalcopyrite results in the deposi- 
tion of chalcocite and the consequent enrichment of the 
material carrying the primary sulphides. 

No attempt will be made here to review 
numerous experiments in chalcocite deposition 
undertaken during the last decade or earlier. 
This has already been done by W. H. Emmons." 

1 Cameron, F. K., mnd BcU, J. M., U. S. Dept. Agr. Bur. Mods BuU. 
SO.pp. IZBLs«q.,IMU. Clarke, F.W.,Th«diU olgwKbsmlilry, 4th Mi.: 
U. S. Geo). Survey Bull, 695, pp. 473-17S, IBJO. 

" Italics by iha writer.-*. P. 

■ The enrlchDunt ol sulphide ona: V. S. Oeol. Surve; Bull. !•», 1913; 
The anriobniBnt ot ore deposlM; U, 8. a*d. Survey Bull. 8», WIT. 
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The results of inyestigation have progressiyely 
tended toward harmonious conclusions. The 
progress of the theory of chemistry has been 
rapid during this same period. Electrochem- 
istry, knowledge of the nature of coUoids, and 
the application of physical chemistry to prob- 
lems of ore deposits have all advanced rapidly. 
The summary which follows will present only 
those formulas which seem to offer an explanar 
tion of the changes involved. Stated for the 
first time in an orderly arrangement by A. C. 
Spencer in 1913 (though in part naturally 
based on the work of his predecessors), these 
formulas have been supported in part recently 
by the fundamental work of the Geophysical 
Laboratory at Washington.^ Spencer inquires 
"whether the oxygen dissolved in rain water 
could alone have effected the oxidation of the 
mass of material which has contributed the 
secondary copper now contained in any given 
ore body." He answers this query in the 
n^ative, presents data to support his conten- 
tion,^ and concludes that "a large part of the 
oxygen must have been derived from air that 
circulated through the oxidized cappiag" and 
that "the greater part of the oxidation must 
take place during such times as the sulphides 
are merely moist rather than when they are 
flooded, because then the water could receive 
oxygen from the air in contact with it, at the 
same rate at which oxygen is being taken out 
of solution by the reaction of oxidation." 

That part of Spencer's analysis of the process 
that has direct application at Tyrone is quoted 
below.** His analysis falls into three parts — 
first, the changes wrought by free oxygen; 
second, those produced by ferric sulphate^ 
where free oxygen is no longer available; third, 
the oxidation by cupric sulphate, the last 
oxidizing agent. To this sequence of chemical 
reactions may be added the final stage of 
secondary rock alteration, the kaolinization of 
the primary ore material by sulphuric acid, 
active below the chalcocite zone. 

OXIDATION BY FREE OX TO EN. 

Beneath the capping the sulphides first encountered by 
waters that carry dissolved oxygen are pyrite and chal- 
copyzite. Just at the top of any porphyry ore body grains 

" Z!es, E. Q., AUen, E. T., and li«rwin, H. E., Some nactions involved 
in secondary copper sulphide enrldunent: Econ. Oeology, rol. 11, pp. 
407-^03, 1916. 

* Speneefy A. C, op. oit., p. 681. 

» Spmoar, A. C, op. dt., pp. 683 et aeq. 



of these ndnerals pendst after the removal of chalcocite 
coatingB whidi they earned at a time when, the bottom of 
the capping was sli^tly higher than at present. Here, too, 
is to be found some pyrite which never carried more than 
the slightest coating of chalcocite. 

The sulphides named are of course readily decomposed 
by the oxygen-bearing solution. * * * The complete 
oxidation of pyrite may be considered as taking place 
in some such manner as represented in the derived 
equation (1).* 

FeSj-f 150+H20=Fe2(S04),-hH^04 (1) 

For chalcopyrite, (2) is an equation essentially analo- 
gous to (1): 

2CuFeS,-f 160+HaS04=Fe(S04),+CuS044- H,0 . .(2) 

Part of the ferric sidphate formed at the upper surface of 
the body where free oxygen is present decomposes to form 
basic iron sulphates and hydrated iron oxide; another 
part may be supposed to pass downward in solution and to 
attack pyrite, chalcopyrite, and chalcocite. The forma- 
tion of iron hydroxide may be represented in various ways — 
for example, as follows: 

6FeS04-f30+3H20=2Fea(804),+2Fe(OH)j 

The equations which have been given indicate that the 
decomposition of pyrite yields sulphuric acid and ferric 
sulphate. Under natural conditions solutions carrying 
these substances come into contact with chalcocite only a 
short distance below the point where pyrite and chalcopy- 
rite were first encountered. Here, if any free oxygen re- 
mains, chalcocite is decomposed, with the formation of 
cupric sulphate: 



Cii3S+H,804+50=2CuS04+H20 



(3) 



The reaction indicated by this equation may be con- 
sidered as using up the last of the free oxygen which can 
reach a body of enriched porphyry ore under ordinary con- 
ditions. At points immediately below those where the 
free oxygen has been entirely consumed, ferric sulphate 
and cupric sulphate are present. Both these compounds 
are capable of oxidizing the sulphides, but the former is 
more readily reduced than the latter, and it may be sup- 
posed to undeigo almost complete reduction to ferrous 
sulphate before the latter can come into play as an oxidizing 
agent. 

OXIDATION BT FERRIC SULPHATE. 

* * * According to Vogt " the action of ferric sul- 
phate on chalcocite, which would come into play below 
the shell of nearly complete oxidation, is as follows: 

Cu,S4-2Fe2(S04),=4FeS04+2CuS04+S (4) 

• Compare Stokes, H. N., On p3rrite and marcasite: U. S. Oeol. Sorvey 
.Bull. 186, pp. 15, 10, 19D1; Lindgren, Waldemar, Copper deposits of the 
Clifton-Morenci district, Ariz.: U. S. Geol. Survey Prof. Paper 43, p. 79, 
1005 (this author gives an extended bibliography relating to pyrite 
oxidation); Allan, E. T., Solphides of iron and their genesis: Min. and 
Sci. Press, vol. 103, pp. 41^-414, 1011; Oottschalk, V. H., and Buehler, 
H. A., Oxidation of sulphides: Econ. Geology, vol. 7, p. 16, 1012; Tolman, 
C. F., Secondary sulphide enrichment of ores: Min. and Set. Press, vol. 
42, p. 40, 1013. 

" Vogt, J. H. L., Problems in thto geology of ore deposits: Am. Init. 
mn. Eng. Trans., vol. 31, p. IM, 1003. 
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But if the sulphur set free reacts with more ferric sul- 
phate SO3 might be formed, and with still more ferric sul- 
phate sulphuric acid will result, and eventually we may 
arrive at the equation suggested by Weed : ^ 

CujS +4H2O +5Fe2(SO,)3= 10 FeS04-}-4H2S04 -f 2CUSO4 . (5) 



The same reagent, ferric sulphate, may be considered as 
acting on pyrite in a manner represented more or less 
adequately by equation (6): 



FeS2+7Fea(S04)3-h8H20=15FeSO<+8H2SO^ 



(6) 



It is to be noted that equation (6) is comparable with 
equation (1). For chalcopyrite an expression similar to 
(6) is: 

CuFeS2-f8Fea(S04)j+8H20=17FeS04+8H2S04+CuS04 

(6a) 
« « « * « 

The forgoing discussion should make clear the follow- 
ing points: 

First, that waters from the surface penetrating a body of 
porphyry ore will continue to decompose strongly the 
metallic sulphides present so long as they contain or can 
acquire free oxygen, or so long as they contain ferric sul- 
phate. Second, that where chalcocite, pyrite, and chal- 
copyrite are all present the chalcocite will be largely and 
perhaps fully decomposed before the other minerals were 
attacked. Third, that the decomposition of chalcocite, 
pyrite, and chalcopyrite effects the reduction of ferric 
salts contained in the solution. Fourth, that the decom- 
position of pyrite, chalcopyrite, and chalcocite each tends 
to produce sulphuric acid. Fifth, that the decomposition 
of chalcocite and of chalcopyrite furnishes cupric sulphate 
to the solution. Briefly, then, when oxygen-bearing 
waters reach the upper part of the mass of sulphide-bearing 
rock the consumption of the dissolved oxygen begins at 
once, and before the waters can progress downward for any 
considerable distance all of this free oxygen is used up in 
decomposing the sulphides. Also within a short distance 
ferric sulphate is largely reduced to ferrous sulphate. So 
long as free oxygen is present the decomposition of chalco- 
cite will progress until no sulphuric acid remains uncom- 
bined. It should be added that cuprous and ferric ions 
are always present in small concentration ^^ in any solu- 
tion containing cupric and ferrous sulphates. 

OXIDATION BY CUPRIC SULPHATE. 

The progress of the surface-derived waters has been fol- 
lowed to the point where they contain no free oxygen and 
only a miijor amount of ferric sulphate but where they 
carry ferrous sulphate, cupric sulphate, and sulphuric acid. 
Thus far on its downward journey it may be assumed 
that the cupric sulphate has been protected from reduc- 
tion because at ordinary temperatures and in acid solu- 
tion it is leas readily reduced than ferric sulphate.'* 

» Weed, W. H., Enrichment of gold and silver veins: Am. Inst. Min. 
Eng. Trans., vol. 30, p. 420, 1901. 

" Stokes, H. N., Experiments on the solution, transportation, and 
deposition of copper, silver, and gold: Econ. Geology, vol. 1, pp. 644-650, 
1906. WeUs, R. C, Discussion of secondary enrichment: Econ. Oeology 
vol. 6, pp. 481-483, 1910. 

M Stokes, H. N., Eoon. Geology, vol. 1, p. 646, 1906. 



Beyond the place where the ferric sulphate concentration 
in the solution has been reduced to a certain minimum, 
cupric sulphate comes into play as an oxidizing agent. 
* * * Cupric sulphate attacks chalcopyrite and p>'rite 
at ordinary temperatures, so that iron passes into solution 
as ferrous sulphate, sulphiuic acid is formed, and a copper 
sulphide ia deposited. The last part of this statement is 
supported by the fact that covellite and chalcocite are 
common products in nature where copper sulphate solu' 
tions from the upper zone of oxidation have encountered 
pyrite and chalcopyrite. * * * 

The Stokes equation for chalcocite formed by replace- 
ment of pyrite through the action of cupric sulphate may 
be built up empirically. * * ♦ Thus: 

2FeS2+2CuS04=Cu2S4-2FeS044-3S ^ 

3S+2CuS04=Cu2S4-4S02 ^ 

6H20-f5S02+2CuS04=Cu2S+6H2S04 

12H20-f 5FeS2+ 14CuS04-f 8CU2S + 5FeS04 -f I2H2SO4 ^■ 

In a similar manner the following equation indicating 
the replacement of pyrite by covellite may be deduced : 

4ll20+4FeS2-f7CuS04=7CuS+4FeS04+4H.^SO,. 

As thus derived each of the Stokes equations appears* to 
summarize a succession of oxidation effects. 

The replacement of pyrite by chalcocite has 
been recently made the subject of painstaking 
quantitative chemical analysis by Zies, Allen, 
and Merwin.^* Their results agree perfectly 
with the formulas given above representing the 
changes pyrite to chalcocite and covellite to 
chalcocite. 

Spencer notes that* ^Hhe supposed change 
covellite to chalcocite under the action of 
cupric sulphate has not been established by 
experiment in which essentially pure natural 
covellite was used." Nevertheless, by an anal- 
ysis of critical formulas '• he evolves the equa- 
tion 

5CuS + 3CUSO4 + 4H2O = 4CU2S + 4H2SO4 

remarking that the establishment of this equa- 
tion would be of noteworthy importance in the 
theory of chalcocite deposition. Since that 
time Zies, Allen, and Merwin *^ have estab- 



» Vogt, J. H. L., Problems in the geology of ore deposits: Am. Inst. 
Min. Eng. Trans., vol. 31, p. 166, 1902. 

MAs intermediate between this equation and the one foregoing, the 
following reaction should be considered: 4H2O+6CuS04+S-3CU}vS04+ 
4H9SO4. (Sec Stokes, H. N., op. cit., p. 44.) 

» Stokes, II. N., op. cit., p. 22. 

»Zies, E. G., Allen, E. T., and Merwin, H. E., Some reactions in- 
volved in secondary copper sulphide enrichment; Econ. Gecdogy, vol. II 1 
pp. 407-503, 1916. 

M Spenoer, A. C, op. dt., pp. 640-641. 

« Zies, E. O., Allen, E. T., and Merwin, H. E., op. alt., p. 426, 
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Iished this equation by refined chemico] 
synthesis and analysis. 



EAOUNIZATION. 



Kaolin or halloysite is common in the mines 
at Tyrone. This alteration product occurs 
along strong fractures and fault fissures, in 
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veins clearly indicates the direction of the 
movement of the waters that decomposed the 
porphyry. (See fig. 14.) 

One feature connected with the formation of 
these kaolin veins deserves special considera- 
tion. It is the observed fact that quartz, even 
where present as noteworthy phenocrysts in 
porphyry or granite, yields ultimately, as well 
as the feldspar, to complete decomposition. 
At one place this change was observed with 
unusual clearness. Here a vein of kaolin 
between two small fractures mei^es at one end 
into porphyry, while in the opposite direction 
the kaolin-like product of decomposition is in- 
creasingly pure. Although the quartz was the 
last mineral to yield to decomposition, there 
was a considerable portion of the vein in which 
quartz was no longer present. (See fig. 15.) 

In seeking to explain what was here clearly 
shown and what all the pure kaolin veins indi- 
cated, namely, that quarts suffered complete 
decomposition in the formation of kaolin, the 
possible agency of fluorine was invoked. As 
stated on page 26, the presence of fluorine in 
the sericite of the altered rock was proved; 



brecciatetl zones, ami in anastomosing frac- 
tures in the porphyry and granite. It is 
found near the surface and in the deepest 
parts of the mine5, beneath the zone of chalco- 
cite enrichment. (See fig. 13.) 

The form of the veins in which the kaolin is 
found at once suggests that this mineral is 
produced by the decomposition or metasomatic 
n>placement of the porphyry and granite by i 
descending acidified waters, and a further con- I 
sideration of the nature of this chemical , 
change suggests very strongly that fluorine, 
derived from the decomposition of sericite and 
fiuorit«, played a part in the transformation. 

In places in the Breccia ore body vein sys- 
tems of kaolin are without doubt formed by 
metasomatic replacement along what originally 
were minute fractures. The relations of the 
veinlcts to the fragments of the breccia pre- 
clude the idea that movement has occurred 
along the walls of the veins. The fragments 
are not disturbed by the fractures. More- 
over, the downward pointing of the smaller 



and the mineral fluorite occurs in veins in the 
district and probably was generally present in 
minute veinlets in the altered porphyry. 
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Thus a vein known as the ''fluorite vein" 
occurs about 160 feet north of the old No. 1 
shaft of the Chemung Copper Co. The fluorite 
is several feet in thickness and may be traced 
100 feet or more. Just above the Thompson 
shaft in Big Murry Gulch there is a vein carry- 
ing 6 or 8 inches of fluorite. These two occur- 
rences indicate that fluorite may well have been 
abundantly deposited fts a primary vein mineral, 
for though it was not noted in other places, 
this apparent scarcity is due to the reactions 
which theoretically should occur between 
fluorite and the descending acid waters of 
the zone of oxidation: fluorite would be re- 
moved. Fluorite is decomposed by sulphuric 
acid, with the formation of calcium sulphate 
(CaSOJ and hydrogen fluoride (HF),and hy- 
drogen fluoride unites readily with silica to 



and the inert hydrofluosilicic acid (H^SiFe) 
going again into solution, to combine again 
with alkaline bases. 

Now, the alteration of sericite to kaolin 
has been observed and recorded by many 
investigators. Nevertheless, sericite is a very 
stable mineral, probably quite as stable as the 
alkaline salts formed by the evaporation of 
hydrofluosilicic acid. But it is to be expected 
that these salts will yield to decomposition by 
acidified waters, like sericite, and there is 
reason to beheve that fluorine will be again 
and again set free, so long as sulphuric acid 
waters are operating. 

Thus the mass of sericitized porphyry, 
originally perhaps containing veinlets of fluor- 
ite, yields fluorine from two sources— from 
sericite and from fluorite — and this potent 




Porphyry 



Kaolin-like material 



FiouBE 15.— Trans tion ftom porphyry to kaolin-like material in replacement vein of kaolin. Quartz phenocrysts survive the process of replace- 
ment the longest. 



form water and silicon tetrafluoride (SiF^), a 
gas soluble in water. Silica would thus be 
attacked and carried off. It is known that 

SiF^ + 4H,0 = Si(OH), + (4HF) 
(4HF) -I- 2Si F, = 2HaSiF, 

3SiF, + 4H3O = Si(OH), + 2H,SiFe 

Thus silicon hydroxide and hydrofluosilicic 
acid are formed. The latter compound is 
stable only in water and is inert so far as 
attacking quartz is concerned. In the rocks 
under discussion here it would probably form 
alkaline salts. On evaporation of the water, 
however, silicon tetrafluoride (SiF^) would 
again bo formed and the more or less insoluble 
alkaline salts would be deposited. Whether 
the silicon tetrafluoride (SiF4) set free would 
on recombining with water again produce the 
active agent hydrogen fluoride (HF) is not 
known. More probably the process outlined 
above would be repeated, a certain portion of 
silicon hydroxide (Si (OH) J being deposited 



agent no doubt was active in the formation of 
kaolin. Considered from this angle, the heavy 
''gouges'' of kaolin-like material developed 
along large fractures are probably due in part 
to this process, for they were main channels of 
circulation, where the accumulated effects of 
fluorine concentration would be accentuated. 
That sulphate waters played a part in this 
formation of kaolin is rather clearly indicated 
in a specimen of halloysite from the main 
timnel (Burro Mountain Copper Co.), about 
700 feet from the portal. Under the microscope 
this smooth, waxy green material reveals an 
isotropic mineral with an index of refraction 
of 1.527 (that of halloysite), and within this 
material in certain areas are myriads of tiny 
hexagonal crystals, each containing at its 
center a minute yellow grain. The crystals 
as a whole have positive elongation and are 
optically negative. Their index is about 1.59. 
These facts suggest that they are one of the 
jarosite series (sulphates of potassium and 
iron). 



LXACHma. 

The process of enrichment where ground- 
water level was stationary would theoretically 
result in the accumulation of all copper in a 
relatively thin chalcocite zone adjacent to 
ground-water level, extending from a position 
above this level to a certain distance below it. 




Theoretical conditions, however, seem to be 
seldom if ever realized, and changes of water 
level upset the orderly deposition of chalcocite. 
Such has been the case at Tyrone, and a,s a 
consequence, in certain places, where formerly 
enriched sulphides were present there exist 
to-day only thoroughly oxidized bodies of rock 
impregnated and veined with iron oxide. 
(See fig. 16.) 

The copper leached from tlieae zones might 
under favorable conditions be recoverable 
below, but the facts at Tyrone do not justify 
hopes of such a recovery. As has been pointed 
out, there probably existed in the past a stage 
when ground-water level stood far below its 
present position, and it was presumably during 
this stage that considerable amounts of copper 
were removed from bodies of rock in which it 
had previously accumulated as chalcocito. 
The level of ground water was so deep (hiring 
this stage of leaching that instead of concentra- 
tion at definite levels there is reason to believe 
that copper may have been dispersed. 

At the present time, when the water table is 
occupying a very definite level, it is difficult 
to escape the conviction that all copper that is 
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being leached above the ground-water level is 
being redeposit«d somewhere above or just 
below this level; but there is no evidence in the 
mines that sufficient time has elapsed to permit 
any notable concentration at this present level 
of ground water. 

In developing the mines, therefore, in search 
of new ore bodies, it becomes of first importance 
to discover criteria whereby the presence of 
bodies of chalcocite may be predicted, or at 
least whereby zones in which chalcocite is 
likely to occur may be distinguished from zones 
which are almost certainly barren. 

Is there s difference to be noted in the leach- 
ing of chalcocite as contrasted with that of 
pyrite ? Though it is not certain that such a 
distinction may always be made, the writer 
observed at several places in the Tyrone mines 
that, at least in the early stages, leached 
ground in which, there was every reason to 
believe, chalcocite had once been present was 
red, as contrasted with brown where only 
pyrite had been present. 

In figure 17 the conditions in drift 48 on the 
fourth level (Burro Mountain Copper Co.) are 
illustrated. The drift is 
opened in pyritized por- 
phyry, everywhere some- 
what enriched by the 
deposition of chalcocite. 
Where leaching has 
taken place it has left a 
red stain. The encroach- 
ment of the leached 
zones upon the chalcocite 
zone is guided, as nearly 
everywhere, by promi- 
nent fractures. The area 
of strong red color at this 
particular place is pre- 
ceded by an area colored i _ ^ | 
to a lesser degree. Assays _ . . [ ■■■■ ) . 
of the red matenal in- «id in yii\t rf rra ctura 
dicated that it still con- rT31 
tained some copper, and Light-red oiicUuDu in wiii nek 
it seems highly probableFiouBi iT.-occunun™ oi red 
that disseminated cuprite oiKi»'i'" products (eaniiiip 

. . ■ cuprite) Biler chalcoollE Hloni; 

m minute quantities ac- assures and ImpregnBllng wall 
counts for both the red f**- 
color and the copper content. Theoretically, 
further leaching would produce the common 
brown coloring of iron oxide. Although there 
is some justification, therefore, in using this 
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red color as an indicator of the proximity 
of chalcocite, it must be considered only to- 
gether with other known factors, such as the 
position of primary pyrite, zones of fracturing, 
leached zones, developed ore bodies, and all 
other data ascertainable from the developed 
portions of the mine, that might be used in 
intelligent exploration. It would serve no 
useful purpose to describe in detail the distri- 
bution of bodies of leached rock. Those 
exploring the mines are in possession of all 
such information. In general the positions 



of such leached zones are unpredictable. It 
is a characteristic of the ore bodies in this 
district that the value of the ore in a particular 
block is in many places impaired or strictly 
outlined by such leached zones. 

THE ORE BODIES. 

A description of the copper ore bodie^s of the 
Tyrone district is essentially a description of 
the properties of the Burro Mountain Copper 
Co. Since the field examinations were made 
this company has acquired the properties of 
the Savannah Copper Co. and thus practically 



all the developed ore bodies within the main 
fracture zone. 

Of the developed ore bodies, or those which 
have been worked to some extent within the 
main fracture zone, two major groups may be 
recognized, and a number of less importance. 
One of the two major groups comprises the 
deposits of the old Burro Mountain Copper Co. 
adjacent to Leopold, among which are the 
East ore body, the Sampson ore body, and a 
number of minor deposits. The second group 
includes the deposits of the old Chemung 
Copper Co. adjacent to Tyrone, among 
which are a number of more or less 
distinct veins and blocks of ore. The 
positions of these several deposits pro- 
jected to the surface are shown in figure 
18, and the system of mine workings 
by which they are connected and are 
being developed is shown on the suc- 
cessive composite level maps in Plates 
T.I9S. VII-IX (in pocket). 

Of the deposits which- have been 
more or less developed but which up 
to the present time have proved less 
valuable are the several veins on the 
property formerly belonging to the 
Savannah Copper Co. but now ac- 
((uired by the Burro Mountain Copper 
Co. These deposits are in five groups 
— the Oquawka and Boone mines, on 
the south; the Klondike mine, nearer 
Ijeopold ; the workings on the Old Vir- 
ginia claim; the Copper Gulf mine; and 
the workings about the Gottysbui^ 
and Parrot claims, about IJ miles east 
of Leopold. (See PI. VI.) 
anmiiiai oro j^^ addition to the properties men- 
tioned, there are numerous prospects 
both within and outside the main fracture 
zone and some deposits developed by drilling 
which may prove in the future of economic 
importance. 

The engineers and geolc^ists of the Burro 
Mountain and Savannah companies had made 
before 1915 a very thorough examination of 
their properties by underground expl<»ration 
and by drilling. Their examinations included 
systematic sampling of the deposits. As 
the shape of a chalcocite ore body is regu- 
lated by the tenor of the ore, and as its 
form may vary with the shifting price of 
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copper, the descriptions in the present report 
are based on data supplied by the compa- 
nies, particularly the Burro Mountain Cop- 
per Co., supplemented by studies by the 
writer. 

With the exception of the East ore body, 
the mines adjacent to Leopold were practically 
inaccessible, and the lower levels of the mines 
adjacent to Tyrone were flooded at the time 



however, is continuous throughout the work- 
ings adjacent to both shafts. 

The relative positions of the ore bodies near 
Tyrone are shown in figure 19. The coordi- 
nates used in figures 19-21, 23-29 and Plate X 
are the same as those used on the company's 
maps. 

BlocTc A. — ^The block of ore designated block 
A (fig. 20) extends from a few feet above the 
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FiQUBE 19.— Key map of the ore bodies near Tyrone. 



of this study. Descriptions of these workings 
must therefore be quoted. 

MINBS NEAB TTBONE. 

The mines near Tyrone are developed by 
two shafts, Nos. 2 and 3, in Niagara Gulch. 
(See PI. II, in pocket.) They open an exten- 
sive network of drives and crosscuts, illustrated 
in Plates VII-IX. 

A third shaft, 1,500 feet to the west, does 
not connect with these workings or develop 
any considerable body of ore. 

There are five levels in No. 2 shaft and six 
in No. 3. These levels are not evenly spaced, 
nor, with the exception of level No. 4, do they 
correspond in the two shafts. Level No. 4, 



100 level of No. 3 shaft to a sublevel below the 
200 level. The mass pitches eastward from 
the shaft, which it surrounds, at an angle of 
about 20°. It widens between the 100 and 
200 levels and pinches below the 200 level. 
If the cross sections, as determined on the 
several levels by assays, are used as a basis for 
constructing a solid figure, the resulting mass 
is somewhat sphenoidal in form, being bounded 
by surfaces of either roughly rhombic or trian- 
gular outline, its upper western and lower 
eastern limits being determined by the inter- 
section of such planes. The mass is therefore 
thickest at the center and narrows both up- 
ward and downward. The under side of this 
figure is roughly determined by a major frac- 
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tnre trending northwest and dipping at a 
rather low angle to the southeast. (See fig. 
20.) In seeking to explain the particular form 
of this ore body it must be borne in mind, 
first, that ite boundaries are determined by a 
defimte percentage of copper. If a different 
percentage were used as a basis, a somewhat 
different shape would result. It should also 
be borne in mind that the percentage of copper 
in the rock may vary for several reasons — 
differences in primary mineralization, differ- 
ences in enrichment, and differences in leaching 
or impoverishment. 



ing a reason for the limitation of ore on the 
south side of this block on the 200 level, two 
facts are significant. First, the ore terminates 
in both drift 29 and drift 4 against a porphyry 
dike; second, the pyrite at these points is not 
sufficiently enriched to produce ore. This 
dike, therefore, may have acted as a bar to 
active circulation and enrichment. On the 
north side of the ore body leaching seems to 
be responsible for the lack of copper. 

Therefore, although the ore in this block is 
dependent in a measure on the position of a 
major fracture and a dike, portions of the ore 
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With these facts in mind, it is possible to 
point out some features that probably con- 
trolled the position of this ore body. Its base 
apparently conforms closely with an extensive 
fracture plane. Descending waters, on reach- 
ing this plane, were deflected down the dip, 
forming a channel along which enrichment 
took place. The lower limit of enrichment de- 
termines to-day the lower limit of ore. Es- 
sentially primary pyrite has been reached. 
To the southwest and northeast on the 200 
level along this main fracture the ore termi- 
nates against leached ground. This condition 
also affects part of the f ootwall rock. In seek- 



body along the major fracture, in the hanging- 
wall country rock, and along the north side of 
the body have been impoverished by leaching. 
The lower limits of the ore are determined by 
primary pyrite. 

A small body of ore developed between 
2-raise 3 and 2-raise 10 is apparently a part of 
this ore body, but leaching has reduced its 
volume and cut it off from the main body. 

Block B. — Block B is a thin blanket of ore 
about 20 feet thick, lying above and below 
the second level about 500 feet southeast of 
No. 3 shaft. This ore body is connected with 
a rather prominent flat vein. Beneath the ore 
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body, on the third level, there is considerable 
primary pyrite, and it is doubtful if the ore 
ever extended to this depth. (See fig. 21.) 
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Of special note ia the leaching which limits 
tiiis ore body on all sides. This is particularly 
■well illustrated in 2-drift 4, west of drift 17, 
where flat-lying chalcocite veinlets are cut by 
vertical barren seams and veinlets. In places 
the leaching spreads horizontally along the 
chalcocite veinlets. (See fig. 22.) 

It is reasonable to suppose that this blanket 
of ore once extended much farther laterally. 
Its destruction has probably been accelerated 
by the canyon cutting which affects the old 
plain cut in rock bordering the desert, though 
it may have b^un at a much earlier date. 

Just east of this ore block there is a body of 
ore following a strong vein that trends N. 60° E. 
and dips 45°-50° SE. The chalcocite occurs 
both in the walls and in the vein proper. This 
ore body descends to a point below the third 
level and near sublevel B. The extension of 
the ore along the vein is terminated to the 
northeast and to the southwest by leaching — ' 
that is, descending surface waters have im- 
poverished the vein. At the south end of. 



sublevel B there is a rather strong fissure, 
probably the downward continuation of this 
vein; but at this level primary pyrite is ex- 
posed. Enrichment nevw descended to this 
point. This vein on the third level is joined 
by a parallel vein of lower dip, and considerable 
brecciation is evident at the northeast end in 
drift 26. Decided postmineral movement is 
indicated by 'broken mineralized fragments. 
The structural importance of this vein lies in 
its relation to the block of ground beneath or 
west of it. The vein appears to form a hang- 
ing wall of what was once an extensive block of 
enriched ground. 

Breccia ore body.— -The Breccia ore body is 
about 750 feet east of shaft tJo. 3 and extends 
from a point 10 feet above the third level to a 
point 100 feet or more below the third level. 
(See fig. 23.) 

The ore occurs within a mass of brecciated 
country rock — granite aad intruded porphyry 
dikes. On the third level and sublevel B the 
ore is almost coextensive with the breccia, 
but lower down the breccia, though heavily 
mineralized, is not enriched. 

In the section 
on f r ac tu ring 
(pp. 18-19) the origm 
of this breccia is dis- 
cuss ed. Attention 
will be directed here 
to certaijn major 
lines of fissuring 
that may be related 
to the breccia. 

On the second 
level there is a 
strong vein follow- 
ing drift 28 which 
is recognized as the 
footwall of the ore ptbttwi 

bodies east of it. 
ITiis line of disturb- 
ance may be recog- 
nized in somewhat 
equivalent fractures 
on the third level 
justwestof drift 25, 
and there is a suggestion here that the north- 
east continuation of this system cuts drift 
16 between drift 2S and drift 22. In this 
connection it is of interest that the Brec- 
cia body terminates at this place — that is, 
just south of drift 29 — ^where also it is in 
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contact with a dike of considerable size exposed I is more breccia to the north, or ia the footwall; 
in the drift to the north. This fracture system and lower down, on the fourth level, this 
therefore is a footwall boundary for all this I condition is more noticeable, for the north 
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mineralized ground. On sublevol B a strong 
fissure traverses the breccia near its northern 
limit and may well belong to this same system 
or repon of crushing. Here, however, there 
96105—22 * 



extension of the breccia lies north of the point 
where this fracture system should appear. 

A second important fracture system is 
noticed first on level No, 2 as a hanging-wall 
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feature. Beneath it and between it and the 
footwall system just mentioned are all the ores 
on this level. On the third level it appears as 
a prominent vein system overlying the Breccia 
ore body. On sublevel B the workings do 
not reach it, but on the fourth level its down- 
ward continuation may be recognized with 
considerable certainty, and here it corresponds 
to the south end of the brecciated country 
rock. From these facts it would appear that 
the Breccia body, though following a line of 
dislocation nearly at right angles to the 
prevailing strong fissures in this vicinity, is 
contained within a block limited by two very 
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prominent zones of movement. As suggested 
above, this broken piece of ground probably 
resulted from collapse connected with disten- 
tion of the crust during intrusion. 

I'eiTis oil fourth ^eueZ.^Three veins are 
developed on the fourth level. {See fig. 24.) 
They constitute roughly parallel ore bodies of 
considerable importance. The northwest vein 
(footwall vein) strikes N. 60° E. and dips about 
30° SE. The middle vein and the southeast 
vein (hanging-wall vein) strike on the average 
about N. 40° E. and dip about 40° SE. The 
plane of those two veins is a warped surface,, and 
their strike therefore varies from place to place. 



As in all other parts of these mines, a fissure 
is not formed by a simple break but involves 
numerous anastomosing veins. The vein 
systems are simply places where the greatest 
movement has taken place within blocks of 
thoroughly shattered ground. 

Between the eastern (hanging- wall) and 
middle vein the rock is sufficiently impregnated 
with chalcocite to make ore. The quantity of 
ore ultimately extracted will depend on the 
price of copper. In many of the workings on 
the fourth level in the vicinity of these veins 
primary pyrite, scarcely or not at all enriched. 
Obviously on veins enrichment 
descends deeper than in the less frac- 
tured wall rocks. Oxidation, which 
is a later feature, is attacking the 
unenriched pyrite, as well as the 
veins, a fact which supports the view 
expressed above that present con- 
ditions of oxidation in these deposit<4 
are radically different from those 
existing when the chalcocite was 
formed. The erosion and canyon 
cutting now in progress are permit- 
ting the surface waters to remove 
chalcocite. 

Other bodies. — East of these three 
veins are a number of isolated occur- 
rences of ore, seven in all, con- 
nected for the most part with promi- 
nent fractures. Their location is in- 
dicated on figure 18 (p. 40). Also 
300 feet east of shaft No. 2, on the 
fourth level,"and 500 feet S. 10° E. 
from the shaft, are small bodies of 
ore in brecciated granite. There is 
nothing unusual in their occurrence, and they 
will not be further mentioned. The possi- 
bilities for development of additional ore are 
discussed below (p. 51). 

lONBS NEAB LIOPOLD. 

With the exception of the East ore body, 
the deposits near Leopold were practically 
inaccessible in 1915, and the following de- 
scriptions are taken from a report on the 
properties by E. F. Pelton. 

Proiedion .—The Protection ore body (fig. 
25) is 900 feet N. 75° W. from the Sampson 
shaft, between the second and third levels. 
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It is about 400 feet long and from 50 to 80 
feet wide. A part of its central portion has 
been extracted. It is evident from the plans 
of the second and third levels that the size 
of the deposits decreases in depth, and that 
probably little ore will be developed below 
the third level. Exploration to the north- 
east and southwest, however, may discover 
more ore. 

St. Louis. — The St. Louis ore body (fig. 26) 
is a small deposit 600 feet N. 75® W. from the 
Sampson shaft, between the second and third 



Sampson. — ^The Sampson ore body (fig. 28) 
is 400 to 800 feet east of the Sampson shaft, 
between the tailing tunnel and the fourth 
level. It now consists of scattered blocks 
left from previous stoping. About 75 per 
cent of the ore remaining lies in a fairly com- 
pact block toward the east end of the ore 
body. It is clear that this ore body also is 
connected with a system of fractures dipping 
southeastward. 

East.— The East ore body (PL X) is 900 
feet east of the Sampson shaft. It extends 
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levels. The ore follows a strong N. 60® E. 
vein that dips 40° SE. It is lean below the 
third level. 

West. — The West ore body (fig. 27) is part 
of the pillar of the Sampson shaft. It ex- 
tends westward about 750 feet between the 
first and fourth levels. What remains of the 
ore body consist of scattered blocks left from 
previous square-set stoping. About 75 per 
cent of the ore is now below the third level. 
The West ore body follows a strong N. 70** 
E. footwall vein dipping 30^-45'* SE. The 
width and good grade of the stopes are partly 
accounted for by intersection with a N. 20° 
W. system of fractures. 



from the oxidized zone 25 feet above the 
second level to unenriched pyrite about 20 
feet below the fifth level. It is an irregular 
block with a maximiun thickness of 210 feet, 
overlain by about 225 feet of soft kaolinized 
barren porphyry. If it is like the Sampson 
and West ore bodies, there will be found at 
its top a gradation from good chalcocite ore 
to barren oxidized ground through a distance 
of about 14 feet. 

The St. Louis vein,** which forms the north- 
em footwall of this ore block, extends from 
the second level to a point 30 feet below the 

« Not to be confused with the St. Louis ore body, west of the Sampson 
shaft. 
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fifth level. The ore-bearing portion is about 
200 feet long, 100 feet high, and in places 30 
feet thick. It dips about 45° SE., and the 
pitch of the ore is about 23° NE. ^See PI. X.) 
The northern boundary of this ore body 
follows the southeastward-dipping St. Louis 



N.itfv/. 



The ore body is isolated and lies about 200 feet 
west of the main tunnel and about 1,500 feet 
southeast of the portal. There 's no unusual 
feature about this ore body. A phin and cross 
section are given in figure 29, nnd the azimuth 
of the principal fractures in Plate IV {p. IC), 
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PLAN OF WEST ORE BODY ON FOURTH LEVEL 
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vein, and the western limb is defined by the 
North vein, which trends west of north and 
dips at a low angle to thp east. These two 
systems determine the strong pitch of the ore 
body to the south and east. 

Bison. — The Bison ore body is about 400 feet 
long, 60 feet wide, and 50 feet high. The 
country rock is granite with porphyry dikes. 



On Plate VI (in pocket) is shown the location 
of a number of prospects or mines that are now 
no longer operated. The following notes are 
presented as a matter of record. It is doubtful 
if any of these prospects will he operated 
except when copper sells at a very high price. 
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At the Oquawka mine 300 to 400 tons of 
4 per cent chalcocite occurred in a vein dipping 
60° N. There was no ore at the 300-foot level. 
The tenor of the ore decreased in a 30-foot 
A-inze from the 200-foot level. 

At the Boone prospect a north-south vein 
dips 80° E. Carbonate ore running as high as 
30 per cent in copper was shipped, but the 
prospect did not turn out well. 

At the Klondike mine a north-south vein has 
been mined to a depth of 60 or 70 feet, where 
primary pyrite was found. 

LONcrruorNAL 

SECTION ALONG 
LINE A 



I At the Copper Gulf there is a vein carrying 
: a little copper, with some oxidized ore at the 
surface. 

TINOK OF THE ORE. 

The Tni n imum amount of copper in the rock 
necessary to constitute ore in the Tyrone 
district, as elsewhere, is determined by a 
balance between total costs of mining and the 
price of copper. In 191.5 prospective tonnages 
had been calculated on three different bases, 
a minimum of 1.75, 2.00, and 2.25 per cent. 
At that time rock containing 2 per cent was 




/ 
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PLAN OF BISON 
ORE BODY 



At the Old Vii^nia workings an east-west 
vein dips 45° N. There are four or five levels. 
Water stands 25 feet below the collar of the 
shaft. The vein is stoped for a length of about 
100 feet between the surface and the 100-foot 
level. The ore was carbonate and averaged 
better than 10 per cent of copper; The change 
to chalcocite takes place at about the 100-foot 
level. 

The workings of the Gettysburg mine were 
not accessible. The shaft is an incUne dipping 
south in the vein. There is a drift on the vein 
at a depth of 300 feet, but the prospects are 
not good. A little ore was found from the 
surface down to a deptli of Oil feet. 



liun ot nisoa orp body. 

considered ore. A considerable tonnage ha<l 
been blocked out averaging 3.16 per cent, more 
than twice as much averaging 2.31 per cent, 
and these two amounts together averaged 2.58 
per cent. By reducing tlio minimum to 1.75 
per cent these tonnages were doubled. Just 
what percentage of copper tlie rock must con- 
tain to be considered ore will therefore depend 
on many factors, among which the price of 
copper is all-important, 

FEOSPBCTS FOR ADDITIONAL ORE BODIES. 

Exploration east of the developed territory, 
by drilling, has not been very encour^ng. 
The phy3iogra|>bic history <if the region points 



PROSPECTS FOB ADDITIONAL ORE BODIES. 
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to a briefer period of enrichment to the east, 
under the gravels, than in the area to the west. 
Moreover, results of mining show that there 
is some lowering of grade of the ores pro- 
gressively eastward, thus supporting the theo- 
retical considerations. 

Ore should be more plentiful under the hills 
than in the valley, there having been less 
impoverishment there by erosion and the 
accompanying leaching. 

The fractured and altered rocks across the 
Mangas Valley may be intrusives of later age 
than the quartz monzonite porphyry at 
Tyrone, and this fact must be considered in 
speculating on the possibilities of ore in those 
rocks. If they are younger than the Tertiary 
lavas, then the prospect of finding ore in them 
is lessened, for nowhere in the Silver City region 
have conunercial bodies of disseminated copper 
ore been foimd in these late intrusives. The 



intense alteration of these rocks, however, 
makes their character and age uncertain. 
Structural relations whereby a decision might 
be reached as to this point were not discovered. 
Such petrographic evidence as could be gleaned 
from studies made with a microscope mdi- 
cates that the rocks represent a later period 
of intrusion. 

Prospecting will probably then most profita- 
bly be confined to the principal zone of fracture, 
and within this zone to those portions of most 
intense fracture, under hills and in the general 
region between Leopold and Tjrrone. The 
areas farther south, in the ground formerly 
controlled by the Savannah Copper Co., are 
in a measure already prospected by drill holes 
and shafts. That portion of this territory, 
under hills, which has not been prospected 
deserves at least a certain amount of pre- 
liminary drilling. 



I « 



i 



OLD WOBKINGS ON aBOTTND 07 SAVANNAH COFFEB CO. 







ii 



^1 



Si 

^9. 





A 


\ 


tj^ — 






■(J— ■ 




^ 






/ 






PROFESSIONAL PAPER 122 PLATE VOI 






-7|ll|^S 



DEPARTMENT OF THE INTERIOR 

Albert B. Fall, Secretary 



UNITED STATES GEOLOGICAL SURVEY 

Gbosgb Otis Smith, Director 



j:)^ 



Professional Paper 123 



A SUPERPOWER SYSTEM FOR THE REGION 
BETWEEN BOSTON AND WASHINGTON 






s7 ^^Oioe,;; *-^-^-.^ • - 



W. S. MURRAY AND OTHERS 




WASHINGTON 

GOVERNMENT PBINTINO OFFICE 

1921 



CONTENTS. 

I* ire. 

Foreword, by Geoi^ge Otifl Smith 9 

Summary report, by W. S. Murray 11 

Introduction : 11 

Summary of conclusions 12 

The superpower system. . .' 13 

Defiiiitions 15 

Summary of appendixes • 16 

Appendix A. Organization, by W. 8. Murray 27 

Appendix B. Electric utilities in independent operation in the superpower zone in 1919, by L. E. Imlay, T. B. 

Rutherford, and others of the engineering staff 32 

Demand and output 32 

Distribution of power 33 

Past and estimated future growth of load 34 

Loads carried 34 

Capacity and number of power plants 42 

Performance 43 

Fuel requirements 46 

Production cost 48 

Reproduction cost 49 

Appendix C. Proposed electrification of heavy-traction railroads in the superpower zone, by C. T. Hutchinson, 

N. C. McPherson, and others of the engineering staff 50 

Advantages of unified operation 50 

Specific advantages of electrification 51 

Advantages in operation 51 

Advantages of the electric locomotive as a machine 52 

Classes of electric locomotives 52 

Scope of railroad investigation 53 

Procedure followed by railway division 54 

Data collected 54 

Analysis of data 59 

Energy required for electric traction 60 

Switcher service 61 

Coal saved 62 

Efficiency 63 

Equivalent coal 63 

Cost of coal 63 

Cost of electric energy 63 

Maintenance of steam locomotives 64 

Maintenance of electric locomotives 65 . 

Distribution system .* 66 

Maintenance of substations 66 

Saving in wages of train crews 66 

Construction costs 67 

Cost of catenary system 68 

Cost of substations 69 

Cost of 3,000- volt direct-current feeders 70 

Cost of electric locomotives 70 

Number of electric locomotives required 70 

Mileage 71 

Locomotive-hours 71 

Total cost 74 

Engineering, contingencies, and interest 75 

Released locomotives 75 

Conclusions 75 

3 



4 CONTENTS. 

Appendix D. Industry in the superpower zone, by H. W. Butler, H. Goodwin, jr., and others of the engineer- 
ing staff 85 

Conclusions 85 

Industries considered 85 

Fundamental information received from Bureau of the Census 85 

The tables in general 85 

Limitations of statistics 86 

The tables in detail 87 

Analysis of industries 143 

General features 143 

Secondary savings , 144 

Waterworks 144 

Comments on special industries 144 

Energy required by load centers 144 

Prediction of future load 145 

Cost of industrial power 145 

IsoUted plants 146 

Central stations 147 

Saving in cost of power to industries 147 * 

Appendix E. Performance and cost of the superpower system, by Henry Flood, jr., A. B. Well wood, and others 

of the engineering staff 148 

General conditions 148 

Demand and energy 148 

Frequency 152 

Estimated load growth 154 

Effect of diversity and load factor 154 

Physical data 156 

Production facilities 156 

Transmission lines 162 

Substations 163 

Fuel requirement 163 

Investment cost 166 

Cost of power 168 

Cost of power delivered to the load centers from the new power plants and the transmission system of the 

superpower system 179 

Appendix F. Steam-electric plants for the superpower system, by Henry Flood, jr. , and others of the engineering 

staff 182 

Existing plants to be retained 182 

Capacity and performance 182 

Estimated investment cost 182 

Estimated annual production cost 183 

New base-load plants 184 

Location, character, size, and design 184 

Estimated performance 185 

Unit investment cost 186 

Unit production cost 187 

Location at tidewater and on inland rivers 188 

Plants in the mining r^ions 189 

Anthracite fields 189 

Size and quality of anthracite 189 

Quantity of anthracite available 189 

Possible sites in the anthracite region 190 

Cost of energy from plants in the anthracite region 190 

Bituminous coal fields 191 

General conditions , 191 

Possible sites in the bituminous coal region 191 

Appendix G. Hydroelectric plants for the superpower system, by L. E. Imlay, L. A. Whitsit, B. J. Peterson, 

and others of the engineering staff 192 

The use of hydroelectric plants 192 

Potential hydroelectric developments 192 

General considerations 192 

Potomac River 194 

Susquehanna River 195 

Delaware River - • • 196 



CONTENTS. 5 

Appendix G. Hydroelectric plants for the superpower system — Continued. 

Potential hydroelectric developments — Continued. Page- 
Hudson River 197 

Raquette River 198 

Black River 198 

Connecticut River 1 199 

St. Lawrence River 200 

Niagara River 201 

The rivers of Maine 201 

Capacity and output of existing hydroelectric plants 201 

Unit and total investment cost 202 

Annual operating cost per unit 203 

Appendix H. The superpower transmission system, by L. E. Imlay 204 

Existing transmission systems 204 

Characteristics of the superpower transmission system 204 

Interconnecting Unes 204 

Transmission lines -. 205 

Rights of way 206 

Periormance of transmission lines .• 207 

Communication lines 214 

Substations : 214 

Unit investment costs 215 

Transmission lines 215 

Substations 215 

Synchronous-condenser stations 215 

Frequency-changer stations 215 

Operating cost of transmission system 217 

Transmission lines 217 

Substations 217 

Appendix I. Reliability of service, by L. E. Imlay and others of the engineering staff 218 

Appendix J. The relation of coal and coal-deUvery routes to the superpower system, by C. E. Lesher, F. G. 

Tryon, and others : 219 

Distribution and tise of coal in the superpower zone in 1919 219 

Coal districts and coal delivery routes 219 

Cost of coal 220 

Cost of coal at the mines ! . . . 220 

Bituminous coal 220 

Anthracite 220 

Cost of coal delivered to the steam-electric plants 221 

Ownership of coal mines 222 

Coal storage 222 

Appendix K. Use of process fuels and pulverized coal for base-load steam-electric plants, by O. P. Hood and 

others of the engineering staff 223 

Conclusions relative to the use of process fuels 223 

Sources of process fuels 223 

Use of gas from process-fuel plants in internal-combustion engines 224 

Pulverized coal 224 

Cost 226 

Appendix L. Basic costs, by the engineering staff 226 

Construction cost 226 

Fixed charges against investment 226 

Cost of money 226 

Depreciation and obsolescence 226 

Taxes and insurance ' 226 

General expense 226 

Overhead charges against construction 226 

Appendix M. Stations and transmission lines of electric-power companies engaged in public service, by A. H. 

Horton 227 

Index 257 



ILLUSTRATIONS. 



Page 

Plate I. Map of the northeastern United States showing superpower zone and geographic divisions 12 

II. Transnussion system for superpower system, 1925 14 

III. Transmission system for superpower system, 1930 14 

IV . Past and estimated future growth of load of electric public utilities in superpower zone, 1910-1930. . 34 
V. Distribution of load for electric public utilities in superpower zone in 1919 35 

VI. Map showing class 1 railroads within the superpower zone to be electrified 76 

VII. Isolated industrial power plants in superpower zone 86 

VIII. Estimated unit performance of base-load steam-electric plants 186 

DC. Principal hydroelectric resources of superpower zone 192 

X. Location of principal coal-delivery routes from bituminous mining regions to base-load steam-electric 

plants in 1930 220 

XI. Map of the northeastern United States showing power stations and transmission lines used in public 

service In pocket. 

Figure 1. Distribution of electric utility load among load centers of superpower zone in 1919 33 

2. T>''pical seasonal loads of electric utilities in eastern New England division in 1919 35 

3. Typical seasonal loads of electric utilities in western New England division in 1919 36 

4. Typical seasonal loads of electric utilities in Mohawk and Hudson divisions in 1919 37 

5. Typical seasonal loads of electric utilities in Metropolitan division in 1919 38 

6. Typical seasonal loads of electric utilities in Anthracite division in 1919 39 

7. Typical seasonal loads of electric utilities in Southern division in 1919 40 

8. Typical seasonal loads of electric utilities in superpower zone in 1919 41 

9. Number of generating plants of different capacities owned by 280 of the electric-utility companies 

in the superpower zone in 1919 43 

10. Number of generating units of different sizes over 500 kilowatts owned by the electric-utility com- 

panies in the superpower zone in 1919 43 

11. Fuel periormance in 1919 per plant and per unit of 196 electric-utility plants in the superpower zone 

that used bituminous coal 47 

12. All operating costs in 1919, except that of fuel, per plant and per unit for 196 electric-utility plants 

in the superpower zone that used bituminous coal 47 

13. Typical railroad profile 61 

14. Saving effected by electrification of heavy-traction railroads, in percentage of construction cost, not 

including saving in wages 76 

1&. Saving effected by electrification of heavy- traction railroads, in percentage of constxuction cost, 

including saving in wages 77 

16. Growth of steam railroads in the superpower zone in 1900-1919 83 

17. Past and predicted future mechanical power-supply equipment used by industries in superpower 

zone, 1870-1930 145 

18. Cost of electric power for industrial plants operating one shift daily 146 

19. Cost of electric power for industrial plants operating three shifts daily 146 

20. Distribution of load among load centers of the superpower system for 1925 and 1930 150 

21. Load at the several load centers in 1919 and 1930, in percentage of load at New York 151 

22. Sales of 25-cycle and 60-cycle generators in the superpower zone, 1914-1919 153 

23. Output of electric utilities in the superpower zone, 1910-1919 I53 

24. Past and estimated future growth in load for superpower zone, 1910-1930 154 

25. Trend of load factor for superpower zone 156 

26. Average performance of existing steam-electric plants to be retained in the superpower system 183 

27. Estimated unit investment for existing steam-electric plants as if constructed in midyear of 1919 . . 183 

28. Estimated average production and operating costs for existing steam-electric plants burning bitu- 

minous coal to be retained in the superpower system 184 

29. Estimated average cost of production and operation for existing steam-electric plants burning 

anthracite to be retained in superpower system 184 

30. Estimated unit investment cost of base-load steam-electric plants burning anthracite 186 

31. Estimated unit investment cost of base-load steam-electric plants burning bituminous coal 186 

32. Estimated annual cost of maintenance, labo<( and supplies for base-load steam-electric plants 187 

33. Estimated annual production and operating costs for a plant of type B-3, capacity 300,000 kilowatts. . 187 

6 



ELLUSTKATIONS. 7 

Page. 

Figure M. Estimated annual production and operating costs for a plant of type A-3, capacity 300,000 kilowatts . . 188 

36. (Conditions justifying the use of a plant of type B-1 or B-2 instaid of a plant of type B-3 188 

36. Estimated power available from proposed hydroelectric development of Potomac River for 1925. . . 194 

37. Estimated power available from proposed hydroelectric development of Potomac River for 1930. . . 194 

38. Curves showing duration of flow of Susquehanna River at Harrisburg, Pa 195 

39. Estimated power available from proposed hydroelectric development of Delaware River for 1925. . 196 

40. Estimated power available from proposed hyaroelectric development of Delaware River for 1930. . 196 

41. Estimated power available from proposed hydroelectric development of Hudson River for 1925 198 

42. Estimated power available from proposed hydroelectric development of Hudson River for 1930 198 

43. Estimated power available from proposed hydroelectric development of Connecticut River for 1925. 199 

44. Estimated power available from proposed hydroelectric development of Connecticut River for 1930. 199 

45. Curves showing duration of power on Connecticut River at Bellows Falls, Vt 200 

46. Unit cost for complete hydroelectric equipment installed for different operating heads in midyear 

of 1919 202 

47. Unit operating cost of 58 selected hydroelectric plants in the superpower zone, 1919, according to 

size of unit 203 

48. Unit operating cost of 58 selected hydroelectric plants in the superpower zone, 1919, according to 

capacity of plant 203 

49. Vector diagram for 225-mile transmission line with no load 208 

50. Vector diagram for 225-mile transmission line with normal load of 75,000 kilowatts on each circuit. . 209 

51. Vector diagram for 225-mile transmission line with emergency load of 150,000 kilowatts on each 

circuit 210 

m 

52. Energy delivered over 225-mile transmission line 211 

53. Synchronous-condenser capacity required for 225-mile transmission line 212 

54. Voltage on raising transformefs for 225-mile transmission line 213 

55. Possible arrangement of equipment for St. Lawrence-New England project * 213 

56. Unit cost of 110,000-volt 60-cycle substations with low-tension secondaries in midyear of 1919 216 

57. Unit cost of 220,000- volt 60-cycle substations with low-tension secondaries in midyear of 1919 216 

58. Unit cost of 220,000- volt 60-cycle substations with 110,000-volt secondaries in midyear of 1919 216 

59. Estimated cost per kilovolt-ampere of capacity of 60-cycle synchronous condensers in midyear of 1919 216 

60. Unit cost of frequency-changer stations in midyear of 1919 216 

61. Relation of general expense to annual gross revenue for 60 electric-utility companies in the super- 

power zone 226 



FOREWORD. 



By George 0ns Smith. 



In December, 1918, President E. G. Buckland, of the New York, New Haven & Hartford 
Railroad Co., at the instance of Mr. W. S. Murray, consulting engineer, of New York City, urged 
upon Secretary of the Interior Lane a survey of the sources of energy in New England and 
on the Atlantic seaboard as far south as Washington. Secretary Lane's response was that 
general and local studies of the country's available power had been pushed with vigor by the 
Geological Survey as a war measure and that the continuation of this work was already planned 
under a special appropriation asked from Congress, but as the plans had not contemplated 
work on the scale suggested by Mr. Buckland the Secretary invited conference and advice, for 
he at once saw the advantage of making this intensive analysis and working out a plan to pro- 
vide for the ever-growing enei^ requirements of this industrial region. 

On January 27, 1919, the Secretary of the Interior sent to Congress a supplemental estimate 
of *' an appropriation in the sum of $200,000 for a special investigation and report on the power 
supply for the Boston- Washington industrial region, to be made during the fiscal year 1920." 
Explanatory letters in which a constructive national power policy was urged were addressed 
to the chairmen of the conmiittees on appropriations. ''The country," said Secretary Lane, 
" is now passing through a period of transition, which, I firmly believe, will soon be followed by 
one of industrial activity and expansion. The enormous development of war industries had 
created an almost insatiable demand for power, a demand that was overreaching the available 
supply with such rapidity that, had hostilities continued, it is certain that we should now be 
facing an extreme power shortage. Happily such a crisis was averted by the signing of the 
armistice, and the ensuing curtailment in the demand for war materials has carried us past 
immediate danger of a power famine in the industrial districts of the Northeast." 

The Director of the United States Geological Survey was heard on the proposal January 30 
before the Appropriation Committee of the House. The proposal excited interest but lacked 
wide support, and the committee failed to report the item for further consideration by Congress. 

During 1919 the subject of power conservation was fully discussed before engineering socie- 
ties and trade and commercial bodies and in the technical and financial journals, so that the 
appropriation item was better received at the next session of Congress. Mr. Murray, who had 
accompanied Mr. Buckland in the earlier conference with the Secretary of the Interior, was 
foremost in winning both popular and professional support for the idea, and the strongest pre- 
sentation of the subject to the House Committee on Appropriations was made by a committee 
appointed by the Engineering Council, of which Mr. Murray was chairman and L. P. Brecken- 
ridge, professor of mechanical engineering, Yale University; D. C. Jackson, professor of electrical 
engineering, Massachusetts Institute of Technology; and M. O. Leigh ton were the other 
members. 

An appropriation of $125,000, carried in the sundry civil appropriation act for the fiscal 
year 1921, among the items under the United States Geological Survey , authorized the proposed 
investigation in the following language: 

. For the survey of power production and distribution in the United States, including the study of methods for the 
further utilization of water power, and the special investigation of the possible economy of fuel, labor, and materials 
resulting from the use in the Boston- Washington industrial region of a comprehensive systekn for the generation and 
distribution of electricity to transportation lines and industries, and the preparation of reports thereon, 1125,000. The 
Secretary of the Interior is authorized to receive any sums which may be contributed for this piu^jose. Such sums 
shall be deposited in the Treasury and credited to the appropriation herein made and be available for expenditure 
for the purposes thereof. 
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The work was promptly organized, and a strong engineering staff was selected by Mr. 
Murray, who had been appointed by the Secretary of the Interior as the logical man to 
head this engineering study. The engineers appointed to assist Mr. Murray have met every 
expectation, and great credit is due to them for their tireless enthusiasm for the work, inspired 
by both professional and public spirit, and to Mr. Murray for his wise choice of associates, 
ddef Hydraulic Engineer Grover, of the United States Geological Survey, and Chief Mechanical 
Engineer Hood, of the Bureau of Mines, became members of the engineering staff, so as to 
coordinate this special study with the current investigations of the Federal bureaus. This special 
short-period study was administered as a unit under the water-resources branch of the Geo- 
logical Survey. 

Secretary of the Interior Payne added to the driving force of this intensive study an advisory 
board consisting of men of vision and experience, representing our railroads, both steam and 
electric, and m.anuf acturing, engineering, and chemical industries. These busy men held eight 
meetings during the year — a service that has added value to this report as now presented. 
The legal and financial aspects of the superpower project formed the subject of discussion at 
several of the meetings of the advisory board, but the formulation of conclusions on these 
aspects was deemed inopportime without further consideration, which it is proposed may be 
given by the board under authority of new appointments by Secretary of the Interior Fall. 

The cooperation of all the industries affected by the proposed larger electrification was 
imstinted. Engineering aid was freely given, data were promptly furnished, and money was 
generously contributed as needed. No ''dollar-a-year" men were engaged on this work, but 
under the specific authority of Congress $26,000 was contributed by 36 corporations and indi- 
viduals representing utiUties and industries in the zone. 

The advisory board, under the leadership of Prof. Breckenridge, was kept fully informed 
of each step in the engineering study of the problem, and the active interest of many of the 
members led to constructive criticism, but no further responsibility for the conclusions here 
reported can be placed upon the advisory board. For the work done in the engineering staff 
a division of responsibility and credit is necessarily difficult, as here a group of workers has 
thoroughly coordinated its endeavors. In the appendixes to the report the responsibility of 
authorship has been indicated so far as possible, but the credit for the successful issue of the 
year's work must be given to the staff as a whole. 

The investigation was begun on July 1, 1920, and the report was completed on June 30, 1921, 
as contemplated by Congress, a result in itself creditable to all connected with this special study. 

JtJNE 30, 1921. 
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SUMMARY REPORT. 



By W. S. Murray. 



INTRODUCTION. 

On first presenting the subject considered in this report to the late Secretary of the Interior, 
the Hon. Franklin K. Lane, I used the word ''superpower" to describe a system that would 
furnish power to the railroads and the industries within the territory between Boston and Wash- 
ington that has now become more familiarly known as the superpower zone. (See PI. I.) 
The system in turn has become known as the superpower system, and as the investigation has 
progressed it has taken the form of a proposed entity capable of incorporation as either one or 
more superpower companies. 

My association with the power business during the last 15 years in the electric utility, 
railway, and manufacturing fields had so forcefully impressed upon me the unnecessary waste 
of money, labor, and material incident to the present form of power production by unasso- 
ciated units that it seemed a constructive move in the interest of large national economy to 
present a plan for coordinated power production which would prevent this waste. 

In reading this report two things should be kept in mind — first, that the economy in power 
production and distribution thus far attained has been due largely to the electric public utilities; 
second, that the failure to attain the highest possible economy has been due largely to restrictive 
policies that have inhibited the expansion of electric public utilities. 

If this report accomplishes nothing more than to show the saving in labor, material, and 
money that could be effected by the installation of a power system adequate to serve both 
the railroads and the industries in the superpower zone, then, by the token of this saving, I plead 
in the name of national economy for a broad policy in legislation, regulation, financing, and 
management that may not only remove the existing inhibition but may give positive encour- 
agement to the expansion of electric utilities, especiaUy within this zone, so that adequate, 
reliable, and cheap power may become available to permit the normal expansion in our indus- 
tries, together with economical expansion in the capacity of our railroads to handle the increased 
tonnage incident thereto. 

The physical details of the plan proposed are given imder the heading ''The superpower 
system" (pp. 13-15) ; but, in order that the true objective may not be lost and that the function- 
ing of the whole, with its total result, may be comprehended, it should be remembered that the 
superpower system is nothing more than a superutility. All its parts will be fashioned similarly, 
like the parts, for example, of the New England Power Co., with its 12 power stations and its 
750 miles of transmission lines; but owing to the greater capacities and distances involved in 
the superpower system, its generating units and transmission lines will be larger and more 
efficient than those now in use. It will make no di£Perence whether the system is a single great 
superutility or several utilities built up separately and functioning in close relation to one 
another. In applying the principles to be set forth in this report the superpower system should 

be visualized as one great power project serving the superpower zone. 

11 
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SUMMARY OF CONCIiUSIONS, 

The market for superpower energy will be fumLshed by the electric utilities, the industries, 
and the railroads. The estimated requirement for energy supplied through the electric utilities 
for municipal, private, industrial, and railroad purposes in 1930 is 31,000,000,000 kilowatt- 
hours. This energy could be supplied by a coordinated power system such as is described in 
this report at an annual cost of $239,000,000 less than by an uncoordinated system such as is now 
in use. This amount represents the net saving after the necessary fixed charges on total capital 
expenditure have been deducted. The cost of uncoordinated power production in 1930 is com- 
puted from the cost of the present system in 1919. The total investment in generating and 
transmission facilities for the superpower system will be $1,109,564,000, of which $416,346,000 
will represent the value of existing facilities to be incorporated into the system. 

A study of the 96,000 manufacturing establishments operating within the superpower zone 
shows that by 1930, through the maximum economical use of purchased electric energy, they 
can save $190,000,000 annually above the fixed annual charges against a capital investment of 
$185,000,000 to provide the motor equipment necessary to receive and use this power. 

The combined capital investment necessary for the electric utilities and the industries as of 
1930 therefore amounts to $1,294,564,000, and this total investment will yield annually above 
the fixed charges the sum of $429,000,000, or 33 per cent on the investment. 

Within the superpower zone there are 36,000 miles of railroad measured as single track — that 
is, including each track of main lines, yards, and sidings. Of this total about 19,000 miles can be 
profitably electrified, so as to yield by 1930 an annual saving of $81,000,000 as compared with the 
cost of operation by steam. The capital expenditure necessary to electrify the 1 9,000 miles woidd 
be $570,000,000, and the average return upon the investment would therefore be 14.2 per cent. 

As defined in another section of the report, the superpower system begins at the generating 
stations, connected to its lines and ends at the busses of existing electric utilities. Therefore, 
the cost of power discussed in this report means cost at the busses of the electric utilities and 
must not be confused with the cost to the ultimate consumer, which is necessarily much greater, 
owing to the added cost incident to secondary distribution systems. 

Studies of the operations of each load center have shown that a large quantity of coal could 
have been saved had superpower facilities been available in 1919. On comparing the coal rates 
of power production in 1919 with those of the superpower system and applying the difference 
to the load that will exist in 1930 we find that the coal saved annually under the superpower 
system may be estimated as follows: 

Short tons. 

Electric utiUties 19,149,000 

Heavy-traction railroads 10, 210, 000 

Manufacturing industriee 20, 625, 000 

49, 984. 000 

The order in which the superpower steam-electric and hydroelectric power plants and 
transmission systems should be constructed must depend (1) on the present industrial demand 
for energy that can not be satisfied because of the difficulties of the local electric utilities in 
financing extensions; and (2) on the future demand for energy that will result from the more 
economical generation of power under the superpower system. 

Many of the economies incident to superpower operation will be effected through the inter- 
connection of existing plants and systems, and these economies should be increased as new 
power plants and interconnections are added. Certain steam plants that are under consideration 
and others that are under construction will be when completed as efficient as the proposed base- 
load steam-electric plants of the superpower system. Notable among these plants are the Hell 
Gate station now being constructed by the United Electric Light & Power Co. of New York 
City and the Delaware station of the Philadelphia Electric Co. However, by keeping in mind 
the two conditions, already stated, that should govern the order of construction, it is believed 
that the quickest return will be obtained by following in chronologic sequence the order of 
procedure outlined on page 13. 
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1. The construction of a steam-electric plant near Pittston, Pa., to supply a part of its 
energy to the Anthracite division of the superpower zone and the remainder to the Metropol- 
itan division, particularly New Jersey. 

2. The construction of a steam-electric plant near Sunbury, Pa., to supply a part of its 
energy to the Anthracite division, a part to the Reading load center, and the remainder to 
Philadelphia. 

3. The construction of hydroelectric plants on Delaware and Susquehanna rivers to sup- 
plement the steam plants indicated in paragraphs 1 and 2. 

4. The progressive development of the Hudson River projects to meet the growth of energy 
requirement at the Schenectady, Utica, Poughkeepsie, and Pittsfield load centers. 

5. The construction of a steam-electric plant near Boston to supply the Boston, Lowell, 
and Newburyport load centers. 

6. The construction of a steam-electric plant near New Haven to supply the New Haven, 
Bridgeport, Waterbury, and Norwich load centers. 

7. The partial construction of the first hydroelectric plant in the development of Potomac 
River as soon as the power demands of the Baltimore and Washington load centers require 
additional plant capacity. 

Plant capacities are not stated above, as they can not be finally determined except by further 
and more detailed study of local conditions combined with regional demands. The load growth 
at all the centers, however, will make it imperative to provide new plant capacity at an early 
date, so that the construction of additional plants, as detailed in Appendix E, must be started 
promptly after the plants that will yield the greatest return have been built. 

THE SUPERPOWER SYSTEM. 

The territory in which the superpower survey has been made — the ''superpower zone" — 
may be described as lying between the thirty-ninth and forty-fourth parallels of latitude and 
extending from the coast approximately 150 miles inland, embracing parts of the States of 
Maine, New Hampshire, Vermont, New York, Pennsylvania, Delaware, and Maryland and 
all of the States of Massachusetts, Rhode Island, Connecticut and New Jersey. (See PL I.) 
Within this zone is concentrated one-fourth of the population of the United States, and within 
it are operated, most of them independently, 315 electric utilities, 18 railroads, and 96,000 
industrial plants. The superpower zone is the finishing shop of American industry. 

Unlike the Pacific coast region, where water power abounds and industry is relatively small, 
the superpower zone has relatively small hydroelectric resources and maximum industriaJ-power 
requirements. When the increases during the last 10 years are projected to 1930, even at a lower 
rate, the total energy requirement of the zone in that year is found to be 31,000,000,000 kilowatt- 
hours, of which about 21 per cent can be supplied from water power. 

Fortunately some of the best coal deposits in the country lie near this great industrial 
territory, and a prime economic purpose should be so to conjoin the hydroelectric supply of 
power to the steam-electric supply as to produce a maximum of energy for a Tninimnm invest- 
ment of capital and a minimum operating expense, and at the same time to conserve the rapidly 
disappearing cheap fuels of the Appalachian coal fields. 

The superpower system here recommended comprehends a plan of power production that 
includes the generation of electricity by steam at tidewater and on inland waters where a suffi- 
cient quantity of condensing water can be obtained, and also the utilization of all hydroelectric 
power that may be economically obtainable from rivers within the zone or within transmission 
distance of it. The electric power so generated will be coordinated through a system of inter- 
connected transmission lines, the potentials of which will be on the order of 220,000 and 110,000 
volts. (For the assignment of these voltages see Appendix E.) 

Plates II and III show how the superpower system should appear in 1925 and 1930. They 
give the locations of the new steam-electric plants, the hydroelectric plants, and the load centers 
for each year and show the interconnecting network of transmission systems required. Had 
superpower been available in 1919 the number of load centers to which its power could have 
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been supplied economically would have been 20, and this number as the maps show, will increase 
to 34 in 1930. 

Under the present independent operation of the electric utilities and the manufacturing 
industries in the superpower zone the existing power plants are numerous and small. The 
average capacity of the 558 electric-utility plants now in operation in the zone is 7,900 kilowatts, 
and that of the steam-electric plants 10,000 kilowatts, while the hydroelectric plants average 
only 2,800 kilowatts. Out of 96,000 industrial establishments in the superpower zone 76,000 
use power, and each of these isolated plants averages about 350 horsepower. Under the super- 
power system, by contrast, the number of power stations required to supply the entire zone in 
1930 will be only 273, of which 218 will belong to the existing electric utilities. The capacity 
of the base-load steam plants will range from 60,000 to 300,000 kilowatts. In none of these 
plants will there be installed a turbo generator having a capacity of less than 30,000 kilowatts. 

The new power stations and load centers will be so located with reference to the existing 
electric-utility plants that are to be incorporated in the system as to insure the maximum 
aggregate economy in power generation and transmission. A prime object to be attained in 
the superpower plan is the maximum economic utilization of existing generation and trans- 
mission equipment. In the early stages, while the superpower system is taking form, existing 
electric-utility capacity will predominate. Indeed, in 1930, as much as 31 per cent of the total 
superpower capacity will be contained in plants belonging to the present electric-utility com- 
panies. 

The superpower system would and should fail to achieve its purpose if it should seek to 
supplant or even to compete with the existing electric utilities. Its object is exactly the reverse. 
In view of the great economies already eflFected by the electric public utilities, the creation of 
the superpower system can be urged only as it shall come into being to coordinate and supple- 
ment these utilities and carry to a higher degree the service and the economies incident to their 
present operation. 

It should not be difficult to see, therefore, that the superpower system will provide for a 
series of load centers, at which power may be made available at lower cost than can be attained 
imder the present unassociated systems of power production and distribution. At these load 
centers, located where economy may dictate, power so made available will be coordinated with 
power generated at existing electric-utility plants and distributed by transmission or distribu- 
tion systems to the consumers, as it is to-day. 

Under the heading '^Summary of conclusions" it was stated that in the operation of electric 
utilities the superpower system, in comparison with independent operation, would save 
$239,000,000 in 1930. The question might be asked. Could not the same result be attained by 
the electric utilities themselves in the course of their normal expansion 1 The coordinated plan 
of power production by the superpower system represents the highest possible commercial 
efficiency and must therefore yield the maximum economies. I believe that no possible expan- 
sion of the present uncoordinated electric public utilities can reach the economic results promised 
by the superpower system, for the physical structure of the superpower system, as outlined in 
the appendixes to this report, employs minimum capital and minimum labor to produce a 
maximum of electric energy. 

In the discussion of the superpower system there has been some tendency to look upon it 
more as a company than as a principle, but the foregoing statements should make it clear that 
superpower is merely a name for the principles that should govern the expansion of the existing 
electric utilities. A better term than superpower would have been superutility. 

The electric utilities, the railroads, and the industries within the superpower zone have 
freely given their data to permit a determination of the amount and location of load and demand 
and have supplemented them with data showing the cost of producing their power in 1919. 
The superpower system will be a regional system supplying power through the electric utilities, 
at the highest economy, to the two agencies that are most vital to American existence — ^industry 
and transportation. The highest economy in investment and operation will be gained by 
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maintaining the size of the electric generating units at a maximum and thus reducing capital 
and operating cost to a minimuTn. The highest economy resulting from diversity economy 
will be gained through a wisely ordered interconnecting system of lines of transmission and 
distribution — a system which also offers the highest economy in the development of water 
power, for it makes possible the use of a maximimi nimiber of cubic feet of water per square 
mile of drainage area, thus reducing to a minimum the amount of power generated by steam. 
In determining the amount and cost of the power produced within the superpower zone it 
was obviously necessary to select the latest year for which full construction and operating 
information could be obtained — the year 1919. On account of the extremely high cost of ma- 
terial in that year, however, this selection has introduced high fixed chaiges; but this is offset 
by the saving in high-priced coal and the consequent reduction in operating expenses resulting 
from the higher efficiency of the superpower system as compared with the present indepen- 
dently operated electric utilities. 

As efficiencies have increased with the enlargement of the plants operated, the cost of 
producing power has been lowered. The best reflection of this decrease in cost is seen in the 
electric utilities themselves. Much of it has been the result of interconnection, which has per- 
mitted the use of larger machinery and a better utilization of water power. In the isolated 
plants and on the railroads, however, although the cost of power has been lowered, the de- 
crease has been far less, because in both of these the power equipment is small and its operation 
is affected by conditions that prevent much gain in efficiency. 

It may be aigued that it would be unfair to extend the costs of independent operation for 
1919 to 1930 and at that year strike a difference between them and those of the superpower 
system. This aigument can not be gainsaid, but if the figures representing the cost in 1919 of 
imassociated power production are not lowered by 1930 then the full savings previously indi- 
cated as possible by the superpower system can be claimed. Unquestionably the figiu'es for 
1919 will be lowered by the further consolidation of existing utilities, but unless the electric 
utilities act in complete cooperation and themselves adopt a plan of coordinated expansion 
by which the load centers of the zone can be supplied with powesr at minimum cost then the 
economies they can independently effect will never reach the maximum attainable under the 
superpower system, which involves the complete coordination of the existing power stations 
of the electric utilities and the new stations to be constructed. 

DEFINITIONS. 

A few of the terms used in this report are defined below: 

Assigned loeomotlres. — Locomotives actually engaged in runs between terminals or in switching operations. 

Base-load plant. — ^A generating plant designed to carry that part of the load which is practically continuous. 

Capacity factor. — ^The average load on a plant expressed as a percentage of the effective capacity of the plant. 

Class 1 railroads. — Railroads having an annual operating revenue of $1,000 ,000 or more. 

Cost of power delivered. — ^The sum of the cost of production and transmission and the general expense. 

IHversity cwonomy. — ^The saving made by interconnecting generating stations whose peak loads are reached at dif- 
ferent times and so distributing the load among stations of different unit operating costs as to deliver power at 
minimum cost. 

Diversity factor. — ^The ratio of the sum of the maximimi power demands of the subdivisions of any system or part of 
a system to the maximum demand of the whole system or of the part of the system under consideration, measiu^ 
at the point of supply. (Standards of the American Institute of Electrical Engineers, section 3464.) 

Effective capacity. — ^The rated capacity of a plant as limited by boilers, prime movers, or generators. 

Hied charges. — ^The cost of money, depreciation, obsolescence, taxes, and insurance. 

General expenses. — ^The administrative, legal, and fixed expenses and expense of office supplies. 

Load factor (hour yearly). — ^The ratio of the average power to the peak power expressed as a percentage of the peak 
power. 

Operating cost. — ^The cost of fuel, operating labor, maintenance, (including depreciation and obsolescence) and 
supplies. 

Peak-load plant. — ^A generating plant designed to carry the peak loads. 

Production cost. — ^The sum of the operating cost and fixed charges for a power plant. 

Beprodnction cost. — ^The cost in midyear of 1919 of an up-to-date plant of the same capacity. 
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Total tim-iiiiles.— The wei^t of the tiain in tone, including the locomotive and tender, multiplied by the 

run in miles. 
Trailing ton-miles.— The total wei^t of the train in tons, exclusive of the locomotive and tender, multiplied by 

the distance run in miles. 

Trangralssion system eost. — ^The stun of the operating cost and fixed chaiges for a transmiasion system, including 

substations. 

SUMMARY OF APPENDIXES. 

The problem set for the engineering staff, briefly stated, was that of determining the total 
amount and the location of the power load that would be required for municipal, private, in- 
dustrial, and railroad purposes at a date sufficiently in advance to permit the construction of a 
system of the highest economy to supply it. The date chosen was 1930, and the allocation of 
the load and the power-generating facilities for the six geographic divisions of the superpower 
zone is shown in Appendix E. 

In the earlier stages of the investigation, therefore, the entire attention of the engineering 
staff was concentrated upon the work of determining the amount and the location of the load. 
This work was done through the cooperation of the electric utilities, the railroads, and the in- 
dustries within the zone. The engineering staff then undertook to determine the amount and 
the location of generating and transmission capacity to supply the demand thus ascertained. 

The appendixes, which are here only briefly summarized, are lai^gely, if not entirely, the 
work of their authors, to whom reference is made under ''Oi^ganization," in Appendix A. I 
believe I can fairly say that in the endeavor to solve the problem set for us the engineering 
staff followed a route in which my principal engineering associates, Messrs. Butler, Flood, 
Hutchinson, and Inday, were in full accord with me. To them and to their assistants may be 
ascribed the full credit for the collection of the information required for the report and a very 
large share of the credit for working it up. For the details that served as the groundwork for 
the conclusions reached I would suggest a careful study of the appendixes. 

Appendix B. Blectric utilities in independent operation in the superpower zone in 1919. 

In the New York, Baltimore, and Washington load centers the predominating frequency is 
25 cycles; in the remainder of the zone it is 60 cycles. 

The electric-utility load will grow from approximately 10,000,000,000 kilowatt hours in 
1919 to 26,000,000,000 kilowatt hours in 1930. The figure for 1930 has been predicated upon 
an annual rate of growth of 9 per cent, a safe figure, for the annual rate of growth during the 
last 10 years has been 11 per cent. 

Figure 1 shows the distribution of electric-utility load between Boston and Washington 
by load centers for 1919 and indicates the tremendous concentration of power in the vicinity of 
New York City. The data given by the electric utilities concerning load growth are shown 
graphically in figure 21, which indicates the decentralization of power that will have taken 
place by 1930. 

It is apparent that the locations for future electric-power plants must lie outside the densely 
populated districts. The high-voltage circuits of the superpower system in general will form 
ring busses around the larger cities of the zone, on the outskirts of which will be located sub- 
stations with transformers having their primaries connected to the superpower circuits and 
their secondaries connected to the existing distribution lines of the electric utilities. 

The peak loads for the Anthracite and Mohawk-Hudson divisions occur in the morning. 
The peaks for the other divisions occur in the afternoon. The annual peak for the zone as a 
whole occurs about 5 in the afternoon, usually in December. 

Out of 558 electric-utility plants in the superpower zone there are but 36 whose capacity 
equals or exceeds the average capacity of the plants for the superpower system in 1930. Out 
of the 1,074 generating units of 500 kilowatts or more operating within the zone in 1919, only 
about 20 had a capacity greater than 30,000 kilowatts. 

It is of interest to note that a plant delivering power with a load factor of 40 per 
cent turns out 76 per cent of its energy (kilowatt-hours) before its capacity (kilowatts) has 
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been taxed 40 per cent, the remaining 60 per cent of its capacity being required for the remain- 
ing 24 per cent of energy, thus showing the small amomit of enei^y involved in peak operation. 
This statement brings out the very important point that the superpower system employs 
the generating capacity of the existing electric utilities for appUcation to peak loads, the 
new and lai^er superpower stations contributing their low-cost energy for base load. 

The relative cost of power production by.large and smaU units is shown. A comparison 
of the production cost for plants greater than 100,000 kilowatts with that of those less than 
1,000 kilowatts shows a ratio of 3 to 1 for cost of fuel and 4 to 1 for cost of maintenance and 
supplies in favor of the larger plants. With these marked economies in mind, it is clear that 
base load should be supplied from superpower plants employing xmits of not less than 30,000 
kilowatts each. 

Table 3 brings out the performance of 400 steam-electric plants and 158 hydroelectric 
plants operating within the superpower zone in 1919. The fuel rate for the average steam- 
power plant is 2.73 pounds per kilowatt^hour, with a heat requirement of 35,800 British thermal 
units per kilowatt-hour. These figures contrast strikingly with the fuel rate of 1.41 pounds 
per kilowatt-hour and the heat requirement of 18,300 British thermal units per kilowatt-hour 
that can be obtained from the base-load steam-electric plants of the superpower system operating 
at the same annual capacity factor. 

Under independent operation in 1919 the generating capacity required was 46 per cent 
greater than the annual peak load, and the resulting annual capacity factor was 26 per cent; 
imder the superpower system in 1930, through joint reserve, the generating capacity required 
will be only 9 per cent greater than the annual peak, and the annual capacity factor will be 
45 per cent. 

The reproduction cost for steam and hydroelectric plants under independent operation as of 
1919 is $156 per kilowatt of capacity; the corresponding cost under superpower operation is 
$125 per kilowatt. 

The average imit production cost for the electric utilities in 1919 was 1.93 cents per kilowatt- 
hour; the cost of the electric power produced by steam was 2.12 cents, and that of the hydro- 
electric power was 0.94 cent. In the steam-electric base-load plants for the superpower system 
the production cost, based upon the same capacity factor that is applied to electric independent 
operation, will be 0.99 cent per kilowatt hour, as compared with 2.12 cents. 

Appendix C. Proposed electrification of heavy-traction railroads in the superpower zone. 

Density of traffic is the controlling factor in railroad electrification. Within the superpower 
zone there is a large railroad mileage upon which the traffic is sufficiently dense to require 
careful consideration of the savings to be eflFected by electrification — ^in fuel, in maintenance 
of equipment, and through economies incident to the reduction in train-miles. 

The zone contains some 36,000 miles of main line, yards, and sidings, of which 19,000 
miles could be profitably electrified. The total capital expenditure necessary to electrify this 
mileage is $570,000,000, and the result of the analysis promises an annual saving of $81,000,000, 
or 14.2 per cent on the investment. 

The response by the railroads to requests for data relating to their operations in 1919 has 
been so generous and the compilation of these data in this appendix, with the conclusions 
deduced from them, is so complete that instead of attempting to summarize the appendix I 
will only refer to the more general aspects of the problem. 

In the earlier days of railroad electrification, as, for example, on the New York Central, 
the New Haven, and the Pennsylvania, we were all groping and feeling our way. That was 
20 years ago, and in this age of rapid progress 20 years is a long time in which to make up our 
minds regarding the fundamental principles of electrification. Even the dyed-in-the-wool 
steam-locomotive man has become interested in the electric locomotive, because he has found 
that the steam locomotive can not perform its work satisfactorily in the environment that 
belongs to the electric locomotive. The reverse is also true — there are railroad tracks on which 
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electric locomotives have no place. To find where electric train propulsion should be used 
does not, however, completely solve the problem. Money must be obtained to put electric 
locomotives where they belong. 

When the electrified portions of the New York Central, the New Haven, and the 
Pennsylvania were first operated the railroad companies paid out their own dollars for their 
motive-power equipment and for the power stations to run it. The whole expenditure was 
therefore borne by the railroads. About that time Mr. Samuel Insull, with far-seeing per- 
spective, declared that the power required for electrified railroads should come fix)m the 
large electric-utility plants. I am glad to admit that I was wrong when with others I 
disagreed with him. I am more glad, however, to say that I stayed wrong only long enough 
to make up my mind to be a party to a contract for 40,000,000 kilowatt-hours per annum 
from the United Electric Light & Power Co. to supply the west end of the electrified stretch 
of the New Haven road. Since that date it has been my belief that the production of electric 
energy should be confined to those in the power business and that the railroads should purchase 
electric enei^ and confine themselves to the transportation business. The railroads will thus 
be assured of adequate, reliable, and cheaper power and will be relieved of the cost of building 
their own power stations. 

A further step of fundamental importance that would lighten still more the burden of 
investment cost, which at this time the railroads are so peculiarly imfitted to carry, would be 
to standardize as far as possible the motive-power equipment required for the three classes of 
railroad service — passenger, freight, and swit<5hing. Such standardization would simplify 
electrification and therefore reduce the cost of maintaining equipment, as well as lessen the 
investment coat. Motive-power equipment so standardized as to be operative on 19,000 miles 
of track would offer a foundation for an equipment trust bond that would be most attractive 
to bankers and would relieve the railroads of a heavy capital requirement. In short, the 
railroads, not being called upon to build motive-power equipment or power stations, would 
have to pay only the electrification cost incident to their contact and distribution lines, and 
the charge against their capital accoimt would be only 20 to 25 per cent of the amount required 
20 years ago, when they were paying 100 per cent of the cost of electrification. 

I hold no brief in this report with regard to systems. It has been well said that either the 
direct-current or the alternating-current system is better than steam. After these 20 years of 
heavy-railroad electrification one can not close his eyes to the advantages or disadvantages of 
either system. Though I was instrumental in selecting and installing the single-phase (alter- 
nating current) system on the New York, New Haven & Hartford Railroad, I am conscious of 
two elements that may militate against this system — (1) the low power factor, which calls for 
unproductive capacity in power-plant and transmission equipment, and (2) the undeniable 
fact that this system induces serious electromagnetic effects upon adjacent telegraph and 
telephone facilities. In the high-voltage direct-current system electromagnetic induction is 
practically eliminated, but that system has not yet offered a practical midtiple-control unit 
equipment such as is necessary to suburban operation. On the other hand, the multiple-imit 
equipment of the high-voltage single-phase system has given the highest satisfaction on the 
railroads that use it. But these are mere details. The best high-voltage direct-current mul- 
tiple-unit equipment must be worked out if the railroads in this zone are to be so operated. 
If power is obtained from substations of electric-utility companies the investment cost will be 
practically the same for either of the two systems. 

This explanation should make it clear that neither system is here favored as against the 
other, notwithstanding the fact that in Appendix C the 3,000-volt direct-current system has 
been employed in making the estimates of construction cost. This has been done only in order 
that a complete system of construction figiu^es could be worked out, from the superpower stations 
to the driving wheels of the motive power. 

Although the zone is large enough to permit the use of both systems, I would emphasize 
the recommendation that the great electric manufacturing companies of this country draw 
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together rather than apart and that they imite in a common specification for electric motive 
power to replace steam, for the final result would be tremendously improved by this action. 

In addition to the ai^ument that the railroad companies should buy power from the electric 
utilities because the utilities are .in the business of producing power, there is the very excellent 
argument that the railroad load will not only swell the output of the utilities and therefore per- 
mit the installation of larger and more economical generating units but will produce the inher- 
ently high load factor common to railroad operation and thus tend to promote the maximum 
use of the generating capacity installed. 

In contrast with the indicated return of 33 per cent to the electric utilities and the indus- 
tries through the operation of the superpower system the average return to the railroads on 
the investment necessary to electrify 19,000 miles will be only 14.2 per cent. Of course the 
percentage of return will vary from division to division, and figure 15 (p. 77) shows that this 
variation will be from 11 to 19 per cent. Naturally, therefore, the selection of railroad properties 
to be electrified, aside from requirements for pxire increase in capacity, will be governed by the 
percentage of return to be expected. The greater savings attainable by the utilities and 
the industries should not overshadow the urgent requirement of railroad electrification. 
As measured to-day a money return of 14.2 per cent is good, and I think it can be fairly said that 
we must now begin to live into the new form of train propulsion that is offered by electricity, 
for thus will be created a means of railroad expansion to support the coming American indus- 
trial expansion, which our resources and the world requirements can not possibly fail to induce 
within the near future. No one can deny that the system in which we must live should carry 
with it prime principles of economy, which will include these features of commercial efficiency. 
Any saving in the consumption of coal by the railroads means the transfer of cars from waste- 
ful to productive transportation. 

The normal amount dtonanded annually for extensions and betterments for the railroads 
within the superpower zone is approximately $150,000,000, an amount which even in the face 
of present construction prices would suffice in three or four years to cover the cost of electri- 
fying all the mileage mentioned. Should we continue to tinker with an old and inefficient 
machine when it is impossible to escape the installation of the modem and efficient one? 

The higher price of coal and labor of the future compared with pre-war prices, which has 
dislocated the economic balance between railroad grades^ and the tractive power of locomo- 
tives; the lack of sufficient motive power that has been plainly demonstrated at critical periods 
in recent years; the steady increase in the tractive capacity of individual locomotives noted 
during the last 20 years; and the present hauling of trains weighing two to three times as much 
as those of the recent past are plain indications that in the near future large sums of money 
must be expended for motive power. 

The well-known characteristics of electric locomotives, whose capacity and speed are not 
limited by rail and bridge strength and tunnel clearance, make electrification the true system 
into which we must promptly grow or pay the price for delay. This aspect is one entirely 
apart from that of the returns to be expected on the proposed capital investment shown in 
this report. 

Appendix D. Industry in the superpower zone. 

The maximum economical use of purchased power in the superpower zone in 1919 would 
have produced a saving in coal amoimting to 13,502,100 tons. To determine this saving it 
was necessary to acertain the coal-burning rates of the industries that developed their own 
power as against the rates that would have been required to supply them power from central 
stations. 

Out of 96,000 individual establishments in the zone 76,000 used power. The industries 
analyzed included manufacturing establishments, laundries, mines and quarries, and Govern- 
ment manufacturing institutions. In Table 48 the industries are hsted xmder 17 main groups, 
which are so subdivided as to form 53 classes. 
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The fundamental information required for the determination of the mechanical power- 
supply equipment and fuel used by all the industries necessarily had to be procured fromi the 
Bureau of the Census, if for no other reason because time would not have permitted its independ- 
ent compilation. This information is presented in the tables of the appendix variously — ^by 
character of power supply, by industrial subgroups, by county, and by size of plant. The 
presentation of the data in this form appears not only to be essential to this analysis but should 
be of great interest and value to all engineers who are interested in industrial power and heat. 

The analysis showed that in 1919 the equivalent of 9,311,440,000 kilowatt-hours was 
developed by prime movers operated by the industries themselves and that 3,338,800,000 kilowatt- 
hours was purchased. It further shows that it would have been economical to shut down 
4,008,200 horsepower of prime movers and purchase energy to the amount of 5,623,800,000 
kilowatt-hours, which would have made a total of 8,962,600,000 kilowatt-hours purchased in 
1919. The saving in coal thus eflFected would have been 13,502,100 tons — 71 per cent of the coal 
used by the industries for producing power, or 25 per cent of all the coal used by the industries. 
In making the industrial power analysis care has been taken not to invade the field of what might 
be termed by-product power — that is, power produced by the industries from coal that would 
have been burned anjrw^ay for heat and in industrial processes. The saving determined is that 
made on coal burned for power and chargeable to the supply of power. It has been difficult to 
separate one class of coal burning from the other, yet after consultation with many authorities 
a separation has been made.. 

In general it has been found that industrial establishments which require 500 horsepower 
or less can economically purchase energy. Only those that need more than 500 horsepower and 
that have special requirements for heat can generate their own power economically, and even 
these should have central-station connections to take up irregularities of load. The efficiency 
of power production by isolated industrial plants is precluded from any considerable improve- 
ment by their necessarily small average capacity. 

A careful study of the power requirement for industrial establishments in the superpower 
zone has been made and has shown that by 1930 an annual saving of $190,000,000 can be made 
to the industries themselves above the fixed charges against an investment of $185,000,000 
for the motor equipment necessary to utilize the power. 

Such a result will not of course be effected by any mysterious magical act of a superpower 
system. Indeed, many of the electric utilities have already been in a position to offer large 
savings to the industrial plants within reach of their distribution circuits. 

In this study of the economical generation and distribution of power throughout the super- 
power zone full allowance has been made for the capital required to place regional plants in 
action, with their generating and transmission equipment connected with the distribution 
systems of the existing electric utilities, so as to reach every industrial worker in the zone. 
It is therefore hoped that this presentation of the saving that can be made may prove worthy 
of consideration by the executive officials of the industrial establishments in the zone. 

Appendix E. Performance and cost of the superpower system. 

Appendix E summarizes the report. It is built up of the appendixes that precede and 
follow it. It gives the investment cost and the cost of power delivered to the load centers for 
1919, 1925, and 1930. 

The cost of power at the busses of the electric utilities includes a return of 10 per cent 
on the money invested in the generating and transmission system. It is thought that during 
this present period of high interest a yield of not less than 10 per cent would be required to 
attract the necessary capital to this form of investment. 

Figure 1 shows the distribution of load in the superpower zone in 1919. A comparison of 
this diagram with figures 20 and 21 brings out the degree of decentralization that is possible 
through the agency of a superpower system. The 20 load centers of 1919 are increased to 
34 by 1930, and the superpower transmission system can not economically be tapped for a load 
of less than 20,000 kilowatts. 
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The frequency selected for the superpower system is 60 cycles. At the New York, Balti- 
more, and Washington load centers the principal frequency is 25 cycles, but generator sales 
in the ratio of 9 to 6^ in favor of 60-<;ycle apparatus during the last 5 years and generated out- 
put in the ratio of 4.75 to 2.2 during the last 10 years unquestionably establish the trend and 
determine the choice for the superpower system. 

The regional diversity existing in the superpower zone is assumed to be of more theoretical 
than practical importance, except the diversity existing between the Anthracite, MetropoUtan, 
and Southern divisions, which will become very marked with the growth of the Anthracite 
division load by 1925 and 1930. 

Capacity to provide for load growth has been determined largely from the trend of the load 
factor. (See pp. 154-156.) The load factor for the electric utilities within the zone increased 
from 34 per cent in 1910 to 39 per cent in 1919. In some of the geographic divisions, such as 
the Metropolitan, the increase in load factor has been very slight; in others it has been large — 
for example, in the Southern division the load factor has increased from 33 to 43 per cent, largely 
owing to additions of industrial load. 

In 1919 only 15 per cent of the total output of the electric utilities was hydroelectric power. 
By 1930 this proportion will have been increased to 21 per cent. In 1925 50 per cent of the 
total generating capacity for superpower operation will be contained in plants owned by 
the present electric utilities, and they will produce about 26 per cent of the enej^. By 
1930 the corresponding percentage of generating capacity will have dropped to 39 per cent, 
and these plants will furnish only 18 per cent of the total output. They will be used princi- 
pally to carry peak load. 

In 1919 the average size of the electric-utility plants within the zone was 7,900 kilowatts; 
by 1930 this size will be increased to 29,900 kilowatts. An even more marked contrast is that 
between the average size of new steam-electric plants to be installed, which is 218,000 kilo- 
watts, and the average size of the steam-electric utility plants existing in 1919, which is 10,000 
kilowatts. 

Of far-reaching importance, in my opinion, will be the maximimi use of diversity economy 
made possible by the interconnecting circuits of the superpower system. By diversity economy 
I mean the abiUty to select capacity that will produce power at TninimiiTn cost. 

The unit investment cost in new power plants for the superpower system is $118.25 per 
kilowatt of effective capacity; that for all plants is $125 per kilowatt. The unit reproduction 
cost of the electric utilities in 1919 was $156 per kilowatt of effective capacity. This reduction 
in cost for the superpower system is due to the greatly increased size of the plants. The con- 
trast is even more striking in the unit investment cost per kilowatt of demand, which is $196 
per kilowatt for independent operation and only $136 per kilowatt for the superpower system. 

In 1930 the transmission system of the superpower system wUl represent 9.3 per cent of 
the total investment cost. 

The new money required for the superpower system up to 1925 is $453,143,000 and up to 
1930 $693,218,000, thus making it necessary to raise $90,600,000 annually for the first five 
years and $48,000,000 annually for the following five years. The early installation of a trans- 
mission network calls for the higher rate for the first five years. This rate, however, is justified 
by the annual saving resulting from interconnection. 

If the demand of 1930 were provided for by the independent systems as constructed to-day 
the total sum required would be $856,000,000, or $85,600,000 a year. Accordingly the con- 
struction of the superpower system will involve a saving in investment cost of $163,000,000 
during the next 10 years; in other words, the increase of capacity to meet growing demands can 
be financed by the superpower plan for $16,300,000 annually less than by the normal expansion 
of the existing electric utilities. On page 169 a full comparison is made between independent 
operation and superpower operation for the years 1919, 1925, and 1930. The net annual 
saving by 1930 above fixed charges and capital is approximately $239,000,000. 

Of great interest is the economic relation established between the joint use of steam and 
water power. It is shown that steam and water power can be so combined as to yield annually 
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$69,550,000 on an increased investment of only $44,838,000. Here is exemplified one of the 
prime advantages of superpower production, costs being reduced by means of the interoon- 
necting system which permits the highest economy in steam-produced power together with the 
maximum use of water power. 

The load growth in the Eastern New England, Western New England, and Mohawk- 
Hudson divisions should be sufficient to absorb the total available output of the St. Lawrence 
project by 1932; and the growth in the Metropolitan division should be sufficient to absorb 
300,000 Idlowatts at a load factor of 80 per cent from Niagara in the same year. Power could 
doubtless be purchased from these hydroelectric plants at not over $20 per horsepower-year 
delivered at their bus bars, and accordingly this figure is used in determining the eflFect of this 
arrangement on the cost of power to the divisions of the superpower zone that would be so 
supplied. 

The total annual cost for power delivered in 1932 to the load centers of the Eastern New 
England, Western New England, and Mohawk-Hudson divisions, if St. Lawrence power is used, 
will be $130,273,000; if the excess enei^ required in 1932 over that of 1930 were furnished by 
new steam-electric plants the cost would be about $141,601,000. The development of St. 
Lawrence River would therefore save $11,328,000 a year to these geographic divisions; more- 
over, the total investment required to utilize purchased St. Lawrence power would be $24,826,000 
less than that required to construct new steam-electric plants to supply this excess energy. 
In the three divisions mentioned, which lie farthest from the coal fields, the cost of power 
generated by steam plants is inherently high, and therefore the St. Lawrence development will 
be of very great benefit to them. 

The total cost to the Metropolitan division for the power it will require in 1932, if Niagara 
power is used, will be $107,651,000. If the growth in energy required between 1930 and 1932 
were supplied from new steam-electric plants in the Metropolitan division, the total cost in 1932 
would be $110,899,000, showing an annual saving of $3,248,000 in favor of Niagara power. 
Were the power purchased from the Niagara power interests, the total investment for 1932 
would be $5,080,000 less than that required to generate an equal amount by steam. 

The use of the St. Lawrence power as suggested above would save 2,234,000 tons of coal 
annually, and the use of Niagara power in the Metropolitan division as suggested would save 
1,204,000 tons of coal annually. 

The new power-plant capacity required in the superpower zone would be 3,098,000 kilo- 
watts in 1925 and 4,980,000 kilowatts in 1930. 

In Table 76 is shown the cost of power delivered from the new power plants and transmis- 
sion system of the superpower system for 1930. The lowest rate is that for the Southern 
division, 6.8 mills per kilowatt-hour; the highest is that for Western New England, 11.4 mills. 
The average for the whole superpower zone is 8.4 mills. This, however, is the combined rate 
for power generated in new, large, and highly efficient hydroelectric and steam plants. The 
true comparison in production costs between the superpower system as of 1930 and independent 
operation for 1919 is 9.3 mills per kilowatt-hour as against 19.3 mills per kilowatt-hour. 

Finally, the appendix shows that in 1930 the cost of the power produced by the superpower 
system, inclusive of fixed charges, as delivered on the busses of the electric utilities, would be 
10.6 mills per kilowatt-hour, whereas the cost under independent operation as of 1919, exclusive 
of fixed charges, would be practically the same. This, in my opinion, is the fundamental 
reason why the expansion of electric utilities should follow the superpower plan. 

Appendix F. Steazu-electric plants for the superpower system. 

Appendix F shows the capacity of the existing plants of the electric utilities to be retained 
in the superpower system and their location by geographic divisions. The total capacity 
retained is 2,677,000 kilowatts, which represents 79 per cent of the effective capacity of the 
steam-electric public utilities in the superpower zone in 1919. The reproduction cost of these 
plants is $329,219,000. 
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This appendix presents curves showing the average performance of existing steam plants 
and of the plants in the superpower system. The character and the design of the base-load 
steam plants are discussed. The performance of the retained steam plants shows that these 
should average about 2.15 pounds of coal per kilowatt-hour, as against 2.73 pounds per kilowatt- 
hour for all electric-utility steam plants operating in the zone in 1919, when both groups are 
operating at the same annual capacity factor. 

The average size of the steam plants retained is 44,600 kilowatts, and the reproduction cost 
as of 1919 is $124 per kilowatt, as against $109.50 for new steam plants as of 1930. After 
consultation with many representatives of manufacturers in all parts of the country and with 
designing and operating engineers, the following operating characteristics for base-load steam 
plants were determined: 

Steam pressure at turbine throttle, 300 pounds per square inch. 

Superheat at turbine throttle, 230** F. 

Final temperature at turbine throttle, 652^ F. 

Absolute pressure at turbine exhaust nozzle, 1 inch of mercury. 

Of special interest is Table 80, showing summarized estimates of cost for three sizea of base- 
load steam plants. These estimates were made after consultation with many of the best authori- 
ties in power-station design and are considered conservative. 

The base-load steam plants for the system will be composed of imits of 30,000 kilowatts or 
multiples thereof, and the largest plant proposed is one of 360,000 kilowatts. These plants will 
be built in units, and some of them will require the full 10 years for their expansion to complete 
size. Plate VIII shows the performance for these plants and takes into account such reasonable 
advances in the art of power production as may be made in 10 years. By 1930 the new steam- 
electric plants should operate at a capacity factor of about 62 per cent with a fuel rate of 1.43 
pounds of coal per kilowatt-hour. 

Table 80 shows that the unit investment cost of a base-load steam-electric plant varies but 
little with size after 120,000 kilowatts has been reached, being only 6.5 per cent less for a 360,000- 
kilowatt station than for a 120,000-kilowatt station. On the other hand, the imit cost of a 
30,000-kilowatt plant is 23 per cent more than that of a 120,000-kilowatt plant. 

The proposed new steam-electric plants have been so located as to obtain the fullest advan- 
tage of low freight rates, easy coal-delivery routes, and ample condensing water. Fourteen 
new steam-electric plants, aggregating 2,520,000 kilowatts, will be required by 1926, and four 
additional plants, or eighteen in all, aggregating 3,930,000 kilowatts, by 1930. The total for 
1925 is equivalent to 63 per cent of all the present steam-electric generating capacity in service 
for the utilities, and that for 1 930 to 98 per cent. 

In the Anthracite division base-load steam-electric plants, using buckwheat No. 3 coal, 
can be operated most advantageously because of the combined use of their power for the 
Metropolitan and Southern divisions. The diversity between these divisions and the Anthracite 
division will permit operation at a capacity factor of 75 per cent, and under these conditions 
electric energy can be produced in 1930, inclusive of fixed charges, at 5.7 mills per kilowatt-hour. 
This figure is sufiiciently low to permit the additional fixed charges on transmission for the part 
of the power that is sent to the tidewater region. 

There are three steam-electric power-station sites in the Anthracite region — one near Pittston, 
one near the mouth of Nescopeck Creek, and one near Sunbury, all in Pennsylvania and all 
on Susquehanna River — at which sufiicient condensing water is available to permit the develop- 
ment of 300,000 kilowatts each. 

Appendix G. Hydroeleotrio plants for the superpower system. 

The construction of a hydroelectric plant is economically justified if it produces its power 
at a cost less than that of a steam-electric plant of the same capacity. With maximum devel- 
opment of water power, however, the hydroelectric energy available within the superpower 
zone will amount to less than 21 per cent of the total electric power required in 1930. 
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Of especial importance in determining the location and capacity of the new water-power 
plants for the zone is the economy attained by the development of rivers beyond their primary 
power. The dam and headworks of a hydroelectric plant are the principal items of its cost. 
Additional generating units can be installed at half the cost of providing the same steam- 
electric capacity, and the construction of storage reservoirs will increase the capacity of the 
plant above the primary power of the river for efiFective use under peak loads. 

The principal rivers which can contribute water power to the superpower zone are the 
Potomac, Susquehanna, Delaware, Hudson, and Connecticut. It is proposed to utilize power 
from these rivers in 1930 to the following extent : 



Rivw. 



Potomac 

Susquehaima 
Delaware.... 

Hudson 

Connecticut.. 



Capacity 
QcOowatts). 



200,000 
185,000 
350,000 
150,000 
165,000 



Output 

(miUionsof 

kflowatt* 

hoars). 



950 

1,230 

1,250 

900 

760 



InwtiiiBnt. 



$22,000,000 
28,000,000 
51,500,000 
38,350,000 
29,000.000 



Prodnctiai 

cost (mills 

perkflo- 

watt4iQar). 



3.36 
3.22 
5.95 
5.84 
5.45 



It is proposed to develop these rivers above their primary power capacity for peak-load 
operation. 

The water powers of Niagara and St. Lawrence rivers are within transmission distance of 
the superpower zone, but on account of the time required for construction on the St. Lawrence 
and of the treaty restrictions concerning the use of the water at Niagara Falls the power from 
these sources has not been considered available in the zone prior to 1930. 

Under present construction and operating costs power purchased at Niagara or on St. 
Lawrence River at $20 a horsepower, ready for transmission at those points at potentials of 
not less than 220,000 volts, can be placed at Utica and Schenectady, N. Y., and at Northampton^ 
Mass., for 4.6 mills per kilowatt-hour, and at Paterson, N. J., for 5.7 mills. These figures assume 
purchases of not less than 300,000 kilowatts delivered at a load factor of not less than 80 per 
cent. 

The reproduction cost of the 451,500 kilowatts of existing hydroelectric capacity within 
the zone is $87,127,000. The new hydroelectric capacity which should be installed by 1930 
wUl bring the total capacity up to 1,501,500 kilowatts, of which the old plants will represent 
30 per cent. In 1930 the total hydroelectric investment will be $245,977,000, of which the 
old plants will represent 35 per cent. 

Appendix H. nie supexpower transmission system. 

So far as the existing electric utilities are concerned the superpower system b^ins and 
ends at their power-station busses, and so far as the new superpower plants are concerned it 
begins at these plants and ends on the busses of the existing electric utilities. 

In presentations of the superpower plan I have said, ''The primaries of to-day will be the 
secondaries of to-morrow." The existing transmission systems of the electric-utility companies, 
which comprise about 1,200 miles operated at 33,000 volts or higher, will become distribution 
rather than transmission systems, and they will of necessity require expansion to distribute 
the additional power delivered to them from the superpower system. The transmission features 
of the superpower sjrstem will therefore have to do only with the transmission of power from 
the new plants to load centers and to the busses of the existing electric-utility plants. 

In 1930 the superpower transmission system should consist of 970 circuit miles of 220,000- 
volt lines and 4,696 circuit miles of 110,000- volt interconnecting lines. To these lines will be 
connected 5,600,000 kilovolt-amperes of transformer capacity, not including the transformer 
capacity in the base-load steam-electric plants. The .construction of the transmission sjrstems 
for the St. Lawrence and Niagara developments will add 3,140 circuit miles of 220,000-volt lines 
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and 1,824,000 kilovolt-amperes of transformers. Thus potentials of not less than 220,000 volts 
will be selected to transmit power from plants that are at considerable distances from the 
general interconnected superpower plants, and within the zone a potential of not less than 
110,000 volts will be employed for interconnection between power and load centers. Plates 
II and III illustrate the proposed transmission arrangements. 

In our study of the transmission problem within and without the superpower zone we have 
been most fortunate in obtaining advice and counsel from most of the high-tension experts of 
this country. Throughout this study it has been assumed as a necessary condition that the 
factor of reliability of transmission service for the superpower system must be the same as that 
of the busses of the power stations themselves. The transmission system has therefore been 
considered merely as a high-tension extension of those busses. 

Appendix I. BeUability of service. 

The inherent features of the superpower system themselves constitute adequate provision 
for reserves throughout its structure. 

Appendix J. The relation of coal and coal-delivery routes to the superpower syBtem. 

The elements of greatest importance in insuring a. continuous supply of power are coal 
and the routes by which coal is delivered to the superpower stations. Table 97 shows the 
distribution and use of coal in the superpower zone in 1919. 

Plate X shows the available coal-mining districts and the principal rail routes to the pro- 
posed base-load steam-electric plants for 1930. This map relates especially to bittuninous 
coal, for the plants that bum anthracite will be buUt in the anthracite region. 

Throughout the study the cost of bitmninous coal at the mines has been taken at S2.90 
per short ton — the weighted average cost for 1919 to the industries that used bitiuninous coal. 
Doubtless labor costs will be reduced, but this reduction will be offset by the necessity of develop- 
ing deeper mines and thinner seams and of extending underground haulage. The freight rates 
for 1919 were used in the calculations made for that year, but in the calculations for 1925 and 
1930 the freight rates in force January 1, 1921, have been- used. 

For buckwheat coal used at stations in the anthracite region $1.75 per long ton has been 
used as the mine price for all periods, with $1 per long ton as the gathering charge. 

The cost of coal delivered to the several load centers is shown in Table 98. Naturally 
these costs have played an important part in determining the location of steam-electric power 
stations. 

Six months' storage capacity for each plant is recommended and would yield obvious 
advantages. It would absolutely prevent interruption' of service due to lack of fuel; it woidd 
permit the purchase of coal at the lowest price; and it would help to stabilize the mining and 
transportation industries by making the demand for coal more imiform. 

The question whether the superpower system should own coal mines, coal cars, coal-delivery 
routes, either or all, has been considered, and it has been concluded that the superpower system 
should confine its activities to the production of power and the storage of coal. 

Appendix K. Use of process fuels and pulverized coal for base-load ateam-electric plants. 

Under present conditions, in general, coal must be used in raw form to produce cheap power. 
Coal is treated by certain processes for two purposes — to place its energy in more desirable form 
and to recover valuable by-products. If power is produced by the use of either coke or gas from 
process-fuel plants the value of the remaining products, when credited to the cost of such fuels, 
is not sufficient to reduce their cost below that of raw coal. As certain by-products are essential 
in time of war r^ardless of cost, however, it has been deemed desirable in selecting a site for a 
superpower station to provide space for a processing plant and to adopt a method of boiler-room 
construction that will permit the use of process fuel if and when its use is found desirable. 

Appendix K compares the results of the use at base-load steam-electric plants of process 
fuels prepared by four methods. Table 99 shows that the cost of fuel prepared by three of the 
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four processes is higher than that of raw coal. Where gas is the process fuel made at by-product 
coke ovens it is cheaper than raw coal, but the large quantity of coke produced and the difficulty 
of disposing of it make this process generally impracticable. In certain situations, however, as 
the appendix points out, if the gas can be sold at a sufficiently high price processing of fuel may 
be economical. 

The greatest promise regarding process fuel lies in the direction of devising plants that wiU 
convert raw fuel entirely into gas for consumption under the boilers at steam-electric stations 
and thus eliminate the enormous concentration of coke. Such a process plant used in combina- 
tion with a steam-electric plant may produce fuel at a cost materially lower than that of raw 
coal, but the experimental work done is not yet sufficient to permit a stronger statement 
than that the progress made is exceedingly encouraging. 

Appendix L. Basic costs. 

Appendix L, which considers cost of money, depreciation and obsolescence, and taxes and 
insiu'ance, is so brief that it is in itself a summary. The term '^ general expense," used in the 
estimates of cost of power production, includes salaries and expenses of administrative officers, 
engineers, and legal counsel, salaries of clerks, and expenses covering claims, stationery, printing, 
et'C. Amortization, taxes, and insurance have been included under '' fixed charges " rather than 
in this item. 

Figiu'e 61 shows the relation of ''general expense" to annual gross revenue. This curve 
shows the small rate of percentage increase in chaise for general expense for revenue above 
$3,000,000 and the marked increase for revenue less than $3,000,000. 
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In planning this investigation and effecting its organization it was clear that the power 
market to be served by the proposed superpower system would be divided between the electric 
utilities, the railroads, and the isolated industrial establishments. Accordingly, Mr. Lorin £. 
Imlay, Dr. Gary T. Hutchinson, and Mr. Henry W. Butler were recommended and appointed, 
respectively, as division engineers in chaise of the departments of power and transmission, of 
railroads, and of industries. 

Associated with the division engineers as assistants, with duties so shifted as to maintain 
the highest engineering load factor in the work, were Messrs. Harold Goodwin, jr., Malcolm 
MacLaren, Norman C. McPherson, E. M. Newlin, B. J. Peterson, T. B. Rutherford, Arthur R. 
Wellwood, and Lyle A. Whifsit. I desire to make special mention of the able services rendered 
by these men. 

Mr. N. 0. Grover, chief hydraulic engineer of the United States Geological Survey, and Mr. 
O. P. Hood, chief mechanical engineer of the United States Bureau of Mines, were detailed for 
advisory service on the engineering staff. Mr. Grover, in addition to serving in his capacity 
as hydraulic engineer, rendered much assistance in administrative work, and Mr. Hodd 
especially studied the problems pertaining to the use of process fuels. 

That the work in all departments might be completely coordinated a principal assistant, 
charged with the assembling of all data and the preliminary preparation of the text of the report, 
was imperatively needed, and for this responsible duty Mr. Henry Flood, jr., was appointed, 
with the title of engineer-secretary. The duty of the engineer-secretary included the checking 
and coordination of the information collected for the several appendixes, and the speed of its 
collection or compilation for any particular appendix was increased or slackened, as occasion 
might require, to make it fit in with the rest, so that the report as a whole could be com- 
pleted on time. 

An advisory board was selected, consisting of the following members; 

Lester P. Breckenridge (chainnan), professor of mechanical engineering, Yale University, New Haven, Conn.; 

representing fuel engineering. 
Magnus W. Alexander, managing director, National Industrial Conference Board, Boston, Mass. ; representing 

National Industrial Conference Board. 
Edward G. Buckland, vice president New York, New Haven & Hartford Railroad Co., New Haven, Conn.; 

representing New England railroads. 
Charles L. Edgar, president Edison Electric Illuminating Co. of Boston, Boston, Mass.; representing 

National Electric Light Association. 
Abraham T. Hardin, vice president New York Central Railroad Co., New York City; representing New 

York railroads. 
Herbert Hoover, now Secretary of Commerce, Washington, D. C; when appointed, president American 

Institute of Mining and Metallurgical Engineers; representing the mining industry. 
William Kelly, Colonel, United States Army, Washington, D. C. ; representing the War Department. 
Elisha Lee, vice president Pennsylvania Railroad Co., Philadelphia, Pa.; representing railroads south of New 

York. 
Arthur D. Little, president of Arthur D. Little, Inc., Cambridge, Mass.; representing electro-chemical and 

by-products industries. 
James H. McGraw, president McGraw-Hill Co., Inc., New York City; representing the technical press. 
John H. Pardee, president J. G. White Management Corporation, New York City; representing American 

Electric Railway Association. 
Henry C. Perkins, mining engineer, Washington, D. C. ; representing the mining industry. 
Matthew S. Sloan, president Brooklyn Edison Co., Brooklyn, N. Y.; representing National Electric Light 

Association. 
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During the year eight meetings of the advisory board were held, and for the counsel and 
advice offered by its members I now express my most sincere appreciation. 

Prof. L. P. Breckinridge, chairman of the advisory board, who has been constant in attend- 
ance at the meetings of the board and at many of the meetings of the engineering staff, has been 
encoxu*agement personified and with his circumspection and his ability as a leader in the 
solution of the fuel problem has been of invaluable assistance. 

I beUeve I can say without contradiction that the engineering staff is a unit in the findings 
of this report, and I can find no words to express fitly the tribute I owe these men for their 
loyalty and their able assistance. 

llie engineering staff, for all the members of which I speak, are especially grateful to the 

experts mentioned in the following list. To them apparently came the sense of responsibility 

of contributing their experience to the fullest where it was required. They made it apparent 

to me that I could call on them exhaustively, for they realized the national importance of this 

problem. Many, therefore, have been the consultations held with them, and their advice is 

reflected in the pages of tibds report. 

W. K. Archbold, Archbold-Brady Co., Syracuae, N. Y. 

A. H. Aniistrong, General Electric Co., Schenectady, N. Y. 

W. S. BaiBtow, W. S. BaiBtow Management Anodation, New York City. 

H. B. Bradford, Edge Moor Iron Co., New York City. 

George Foran, Worthington Pump & Machinery Corporation, New York City. 

F. C. Hanker, Westinghouse Electric & Manufacturing Co., East Pittsbuigh, Fla. 

F. L. Hunt, Turners Falls Power Co., Greenfield, Mass. 

John B. Leeper, American Bridge Co., Pittsbuigh, Pa. 

P. M. Lincoln, Lincoln Electric Co., Cleveland, Ohio. 

William Nesbit, Westinghouse Electric & Manufacturing Co., New York City. 

William Barclay Parsons, consulting engineer, New York City. 

Hugh Pattison, Westinghouse Electric & Manufacturing Co., New York City. 

Ernest W. Pragst, General Electric Co., Schenectady, N. Y. 

David B. Rushmore, General Electric Co., Schenectady, N. Y. 

F. H. Shepard, Westinghouse Electric & Manufacturing Co., New York City. 

John A. Stevens, consulting engineer, Boston, Mass. 

Percy H. Thomas, consulting engineer. New York City. 

Theodore Vamey, Aluminum Company of America, Pittsbuigh, Pa. 

Hosea Webster, Babcock & Wilcox Co., New York City. 

Sidney Witbington, New York, New Haven & HartfcMrd Railroad Co., New Haven, Conn. 

A host of others, engineers and business men, contributed most valuable and pertinent 
information to this \^ork, and I wish to make here the most grateful recognition of their services. 
The names of these coworkers follow, classified as to the nature of the information furnished : 

Power and transmission. 

Ralph W. Atkinson, assistant chief engineer, Standard Underground Cable Co., Perth Amboy, N. J. 

A. O. Austin, Ohio Insulator Co., Barberton, Ohio. 

H. A. Barre, Southern California Edison Co., Los Angeles, CaUf. 

F. G. Baum, consulting engineer, San Francisco, Calif. 

H. M. Beugler, operating manager. Central Hudson Gas & Electric Co., Poughkeepsie, N. Y. 

E. H. Beugler, vice president, Foundation Co., New York City, 

Francis Blossom, Sanderson & Porter, New York City. 

H. V. Bozell, Electric Railway Journal, New York City. 

W. B. Brackenridge, senior ^dce president, Southern California Edison Co., Ix» Angeles, Calif. 

H. W. Buck, Viel^, Blackwell & Buck, New York City. 

Charles I. Burkholder, general manager, Southern Power Co., Charlotte, N. C. 

N. A. Carle, chief engineer, PuoUc Service Electric Co., Newark, N. J. 

Charles W. E. Clark, chief mechanical engineer, Dwight P. Robinson Co., New York City. 

C. S. Cock, general manager, Duquesne Light Co., Pittsburgh, Pa. 

Hugh L. Cooper, president, Hugh L. Cooper & Co., New York City. 

M. J. Daley, care of Fred T. Ley & Co. (Inc.), Springfield, Mass. 

C. W. DeForest, chief engineer, Union Gas & Electric Co., Cincinnati, Ohio. 

G. C. Deny, B. F. Sturtevant Co., Boston, Mass. 

H. H. Dewey, power and mining-engineering department. General Electric Co., Schenectady, N. Y. 
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P. M. Downing, Pacific Gas A Electric Co., San Franciflco, Calif ^ 

McKee Duncan, consulting engineer, Duncan, Young & Co., New York City. 

E. D. Edmonston, general superintendent. Consolidated Gas & Electric Light Co., Baltimore, Md. 
W. C. L. Eglin, chief engineer, Philadelphia Electric Co., Philadelphia, Pa. 

Boyd Ehle, consulting engineer, Sanderson & Porter, New York City. 
L. L. Elden, Edison Electric Illuminating Co. of Boston, Boston, Mass. 
John B. Flsken, engineer, Washington Water & Power Co., Spokane, Wash. 
J. B. Foote, chief engineer. Consumers Power Co., Jackson, Mich. 

F. S. Freeman, superintendent of power, Boston Elevated Railway Co., Boston, Mass. 
E. U. Gibbs, chief engineer, S. Moigan Smith Co., York, Pa. 

E. M. Gilbert, chief engineer, W. S. Barstow Management Association, Reading, Pa. 

C. E. Groesbeck, vice president, Electric Bond & Share Co., New York City. 

John L. Harper, vice president and chief engineer, Niagara Falls Power Co., Niagara Falls, N. Y. 

R. S. Hopkins, assistant manager, sales department, Standard Undeiground Cable Co., New York City. 

Dugald C. Jackson, Jackson & Moreland, Boston, Mass. 

J. Alan Johnson, electrical engineer, Niagara Falls Power Co., Niagara Falls, N. Y. 

J. P. Jollyman, Pacific Gas & Electric Co., San Francisco, Calif. 

Peter Junkersfeld, Stone A Webster (Inc.), Boston, Mass. 

Col. Charles Keller, Board of Engineers for Rivers and Harbors, Washington, D. C. 

John H. Lawrence, engineering manager, Thomas E. Murray (Inc.), New York City. 

H. P. Liversidge, assistant chief engineer, Philadelphia Electric Co., Philadelphia, Pa. 

James Lyman, Sargent & Lundy, Chicago, 111. 

A. M. Lynn, president. West Penn Power Co., Pittsbuigh, Pa. 

E. H. McHenry, Ardmore, Pa. 

S. C. Moore, general manager. New England Power Co., Worcester, Mass. 

P. J. Monissey, vice president, Pennsylvania Public Service Corporation, Johnstown, Pa. 

William S. Munroe, Sargent & Lundy, Chicago, 111. 

George A. Orrok, consulting engineer. New York City. 

Farley Oegood, vice president and general manager. Public Service Electric Co., Newark, N. J. 

John Ovem, manager hydraulic division, William Cramp A Sons Ship A Engineering Co., Philadelphia, Pa 

J. W. Parker, assistant to vice president, Detroit Edison Co., Detroit, Mich. 

F. W. Peck, consulting engineer. General Electric Co., Pittsfield, Mass. 
Charles Penrose, assistant general manager. Day A Zimmerman, Philadelphia, Pa. 
N. L. PoUard, electrical engineer. Public Service Electric Co., Newark, N. J. 

N. G. Reinicker, superintendent, Pennsylvania Power A Light Co., Allentown, Pa. 
J. W. Rickey, hydraulic engineer. Aluminum Company of America, Pittsbui]g^, Pla. 
Charles A. Ruffner, president, Adirondack Power Co., Amsterdam, N. Y. 
Frank C. Sargent, vice president, Charles H. Tenney A Co., Boston, Mass. 

E. F. Scattergood, electrical engineer, Bm-eau of Power A Light, Los Angeles, Calif. 
H. H. Schoolfieid, chief engineer. Pacific Light A Power Co., Portland, Oreg. 

R. F. Schuchardt, electrical engineer. Commonwealth Edison Co., Chicago, 111. 

Prof. Charles F. Scott, Yale University, New Haven, Conn. 

C. A. Sears, manager, Mississippi River Power Co., Keokuk, Iowa. 

Paulding T. Sellers, general superintendent, Buffalo General Electric Co., Buffalo, N. Y. 

Carroll H. Shaw, New York Edison Co., New York City. 

Emory J. Shute, assistant superintendent, Penn Central. Light A Power Co., Altoona, Pa. 

S. D. Sprong, electrical engineer, Brooklyn Edison Co., Brooklyn, N. Y. 

L. B. Stillwell, consulting engineer, New York City. 

V. M. F. Tallman, power engineer, Charles H. Tenney A Co., Boston, Mass. 

Philip Torchio, chief electrical engineer, New York Edison Co., New York City. 

Maj. M. C. Tyler, Corps of Engineers, United States Army, Washington, D. C. 

J. A. Walls, vice president and chief engineer, Pennsylvania Water A Power Co., Baltimore, Md. 

A. E. Welles, mechanical engineer, J. G. White Engineering Corporation, New York City. 

J. F. Weasel, vice president. United Gas A Electric Engineering Corporation, New York City. 

W. M. White, chief engineer, AUis-Chalmers Manufacturing Co., Milwaukee, Wis. 

Clifton W. Wilder, New York Edison Co., New York aty. 

Col. W. P. Wooten, United States Lake Survey, Detroit, Mich. 

Industries. 

Dan Adams, Lockwood, Green A Co., Boston, Mass. 

Joseph Brobston, vice president, Dexter Portland Cement Co., Nazareth, Pa. 

J. F. Daly, chief clerk. Division of Manufactures, Bureau of the Census, Washington, D. C. 

F. F. Dickerman, engineer, Philadelphia, Pa. 
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Croeby Field, engineering manager, National Aniline & Chemical Co., New York City. 

B. P. Foster, electrical engineer, £.1. DuPont de Nemours & Co., Wilmington, Del. 
John J. Gillespie, United Shoe Machinery Co., Boston, Mass. 

Eugene G. Grace, president, Bethlehem Steel Co., Bethlehem, Pa. 

E. F. Hartley, chief statistician for manufactures. Bureau of the Census, Washington, D. 0. 
J. A. Hedgcock, Management Engineering & Development Co., Da3rton, Ohio. 

H. A. Homor, consulting engineer, Buckingham Valley, Bucks County, Pa. 
W. F. James, Westinghouse Electric <& Manufacturing Co., Philadelphia, Pa. 
W. MacDonald, Swift A Co., Chicago, 111. 

D. M. Meyers, consulting engineer, New York City. 
Edward L. Moreland, Jackson & Moreland, Boston, Mass. 
Rollin Norris, United Gas Improvement Co., Philadelphia, Pa. 
George H. Perkins, consulting engineer, Boston, Mass. 

W. J. Serrill, United Gas Improvement Co., Philadelphia, Pa. 

H. S. Taylor, Management Engineering & Development Co., Dayton, Ohio. 

W. S. Timmins, consulting engineer. New York City. 

J. M. Wadsworth, general superintendent. Empire Refineries (Inc.) Tulsa, Okla. 

H. M. Warren, electrical engineer, Delaware, Lackawanna & Western Railroad Co., Scranton, Pa. 

R. H. White, engineer of construction, American Locomotive Co., Schenectady, N. Y. 

William Wilcox, Wliitlock Coil Pipe Co., Boston, Mass. 

R. K. Wright, electrical engineer, Baldwin Locomotive Works, Philadelphia, Pa. 

Coal and by-producU. 

W. H. Blauvelt, Semet-Solvay Co., Syracuse, N. Y. 

F. P. Coffin, research laboratory, General Electric Co., Schenectady, N. Y. 
A. C. Fieldner, Bureau of Mines, Washington, D. C. 

William P. Frey, fuel engineer, Lehigh Coal & Navigation Co., Lansford, Pa. 

E. W. Hess, civil engineer, Clearfield, Pa. 

A. H. Horton, United States Geological Survey, Washington, D. C. 
Rudolph Kudlich, Bureau of l^fines, Washington, D. C. 

C. E. Lesher, editor of Coal Age, New York City. 

H. M. Matthews, coal -traffic manager, Baltimore & Ohio Railroad Co., Baltimore, Md. 

R. J. Montgomery, vice president, Philadelphia & Reading Coal & Iron Co., Philadelphia, Pa. 

E. W. Parker, Anthracite Bureau of Information, Philadelphia, Pa. 
Henry M. Payne, consulting engineer. New York City. 

F. B. Pryor, Consolidated Coal Co., Fairmont, W. Va. 

George S. Rice, chief mining engineer. Bureau of Mines, Washington, D. C. 

W. J. Richards, president, Philadelphia & Reading Coal dc.Iron Co., Philadelphia, Pa. 

J. S. Sillyman, mining engineer, Altoona, Pa. 

G. N. Snider, coal-traffic manager. New York Central Railroad Co., New York City. 
F. T. Snyder, Gas Producer Products (Inc.), New York City. 

W. W. Taylor, acting vice president, International Coal Product Corporation, New York City. 

Samuel A. Taylor, consulting engineer, Pittsburgh, Pa. 

F. G. Tryon, United States Geological Survey, Washington, D. C. 

Heavy traction. 

Prof. W. J. Cunningham, School of Transportation, Harvard University, Cambridge, Mass. 

J. H. Davis, electrical engineer, Baltimore & Ohio Railroad Co., Baltimore, Md. 

F. B. Freeman, chief engineer, Boston & Albany Railroad Co., Boston, Mass. 

A. W. Gibbs, chief mechanical engineer, Pennsylvania System, Philadelphia, Pa. 

George Gibbs, consulting engineer, New York. 

Edwin B. Katte, director electric traction. New York Central Railroad Co., New York City. 

M. W. Manz, development engineer, Ohio Brass Co., Barberton, Ohio. 

C. H. Quinn, electrical engineer, Norfolk & Western Railway Co., Roanoke, Va. 

J. T. Wallis, chief of motive power, Pennsylvania System, Altoona, Pa. 

Law and finance. 

H. M. Addinsell, Harris Forbes & Co., New York. 

A. E. Barrows, president, Narragansett Lighting Co., Providence, R. I. 

T. R. Beal, president, Central Hudson Gas & Electric Co., Poughkeepsie, N. Y. 

A. W. Burchard, vice president, General Electric Co., New York. 

Frederick Darlington, Westinghouse Electric & Manufacturing Co., New York. 
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F. M. Feiker, Assistaiit to the Secretary of Commerce, Washington, D. 0. 

n. I. Harriman, president, New England Power Co., Boston, Mass. 

John Price Jackson, Ardmore, Pa. 

John W. Lieb, vice president, New York Edison Co., New York. 

Joseph B. McCall, president, Philadelphia Electric Co., Philadelphia, Pa. 

Thomas M. McCarter, president, Public Service Electric Co., Newark, N. J. 

D. E. Manson, vice president, Charles H. Tenney & Co., Boston, Mass. 
S. Z. Mitchell, president. Electric Bond & Share Co., New York. 
Thomas E. Murray, president, Thomas E. Murra)^ (Inc.), New York. 

E. W. Rice, president. General Electric Co., New York. 
James Sheldon, Lee Higginson & Co., New York. 

Guy E. Tripp, chairman board of directors, Westinghouse Electric & Manufacturing Co., New York. 
Herbert Wagner, president. Consolidated Gas, Electric Light & Power Co., Baltimore, Md. 
O. D. Young, vice president, General Electric Co., New York. 

An appropriation of $250,000 was requested to cover the investigation and report. Con- 
gress appropriated $125,000, with the proviso that additional funds could be subscribed by the 
parties in interest. The electric utilities, industries, and railroads rendered so much valuable 
engineering assistance that the additional amount required to complete the investigation and 
report was only $26,000. This amount was subscribed by the electric public utilities and 
manufacturers within the zone, and its welcome receipt is now gratefidly acknowledged. The 
sum of $25,000 of the Federal appropriation was expended '* for a survey of power production 
and distribution in the United States'' in accordance with the terms of the appropriating act. 

In concluding this investigation I wish to say that when I was asked by the Secretary of 
the Interior to accept the chairmanship of the superpower survey I did so with the predominating 
thought that a large responsibility would be attached to the authorship of the report to be 
prepared, and that in this groat work no one man should assume that responsibility. Nothing 
can so surely bring success to an enterprise of this kind as its prosecution under the concordant 
action of a large number of minds. The estimate of the saving to be effected by the superpower 
system in 1930 is based upon the cost of power production in 1919, and we have no doubt that 
it can bt3 made. We also agree that much of this saving can be made through the natural 
expansion of the electric public utilities, but if these utilities, which are the only instrumentalities 
through which maximum economy can be attained, will cooperate 100 per cent to the end that a 
coordinated expansion through interconnecting systems of transmission and distribution circuits 
shall be made, then the shortest route to a maximum national conservation of money, labor, and 
material will have been mapped out. To show that such a project is feasible and would be 
profitable was the task that confronted my organization on July 1, 1920. 
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ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN THE SUPERPOWER 

ZONE IN 1919. 



By L. E. Imlat, T. B. Rutherford, and others of the engineering staflF. 



DEMAND AND OUTPUT. 



Table 1 shows the distribution of load, the demand, and the requirements of energy for 
electric utiUties in the superpower zone in 1919 and the frequencies in use. 

Table 1 . — DistrUmtion of load, by geographic divinons and load centers, for electric utilities in the superpower zone in 1919, 



Geographic division and load 
center. 


Maximnm demand (thoosands of kilowatts). 


Energy ontpnt (mitllonii of kilowatt-haars). 


25 cycles. 


CO cycles. 


Otberfire- 
quendes. 


Total. 


25cydee. 


60 cycles. 


Other fre- 
qaendes. 


Total. 


Eastern New England: 
Boston 


68.06 

4.56 

25.80 

11.00 


122. 14 
62.18 

128. 95 
86.81 


52.96 
1.82 
6.02 
2.52 


243. 16 

68.56 

160.77 

100.33 


240.18 
13.85 
65.87 
30.60 


380. 72 
176. 05 
370. 27 
314. 24 


151. 77 

7.11 

14.66 

7.09 


772.67 


Lowell 


197.01 


Providence 


450.80 


Worcester 


351.93 








109.42 


400.08 


63.32 


572. 82 


350.50 


1,241.28 


180.63 


1, 772. 41 


Western New England: 
Hartford 


6.60 

33.68 

4.60 


50.47 
90.47 
94.04 


3.98 

21.06 

9.23 


61.05 
145. 21 
107. 87 


26.02 

133.00 

14.14 


133.66 
248. 30 
293.64 


7.87 
54.77 
10.59 


167.55 


New Haven 


436.07 


Northampton 


318. 37 




44.88 


234. 98 


34.27 


314. 13 


173. 16 


675.60 


73.23 


921.99 


Mohawk: 

Utica 


1.57 
13.10 


25.36 
8.50 


.14 
87.20 


27.07 
108.80 


5.86 
30.92 


78.02 
28.02 


.37 
294.97 


84.25 


Schenectady 


353.91 








14.67 


33.86 


87.34 


135. 87 


36.78 


106.04 


295.34 


438.16 


Metropolitan: 

Newark 


27.00 
809.00 


154.18 
148. 79 


12.14 
13.89 


193. 32 
971.68 


121. 27 
2, 648. 99 


594.26 
477.34 


15,64 
9.17 


731. 17 


New York 


3, 135. 50 








836.00 


302. 97 


26.03 


1,165.00 


2, 770. 26 


1, 071. 60 


24.81 


3, 866. 67 


Hudson: 

Poughkeepsie 





20.05 


1.45 


21.50 





59.33 


1.15 


60.48 







20.05 


1.45 


21.50 





59.33 


1.15 


60.48 


Anthracite: 

AUentown 


35.28 

14.77 


35.40 
13.60 
79.48 


1.14 
1.10 
4.31 


71.82 
14.70 
98.56 


180. 70 

43.99 


148.53 

38.90 

309.16 


2.47 

3.30 

16.01 


331.70 


•Pottsville 


42.20 


Wilkes-Barre 


369. 16 








50.05 


128. 48 


6.55 


185. 08 


224. 69 


496. 59 


21.78 


743.06 


Southern: 

Trenton 


2.35 

.88 

107. 70 

111.57 

66.50 


10.03 

69.72 

241. 88 

2.54 




3.70 

6.09 

19.25 

17.88 
.60 


16.08 

76.69 

368. 83 

131. 99 

67.10 


7.64 

3.87 

365. 31 

669. 52 

231.71 


26.60 
234. 91 
848.32 

7.37 




10.30 

20.67 

66.11 

3.53 

2.50 


44.54 


Harrisbure 


259. 45 


Philadelphia 

BaltiTnoi*e . . . . . . . 


1, 279. 74 
680.42 


Wa^hinptr^n _ . . - . . , 


234.21 






• 


289.00 


324. 17 


47.52 


660. 69 


1,278.05 1,117.20 103.11 


2, 498. 36 


Superpower zone. . . 


1,344.02 


1, 444. 59 


266. 48 


3, 055. 09 


4, 833. 44 1 4, 767. 64 


700.05 


10,301.13 
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DISTRIBUTION OP POWER. 

Figure 1 shows the electric-utility load at all the load centers in the superpower zone in 1919. 
A study of this load chart in combination with the analysis of load growth (p. 34) brings out the 
striking fact that the power required in 1930, the greater paxt of which will be applied to indus- 
trial uses, will be 2} times that required to-day. 
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FiouBK 1.— Dlstribatioin of dectrio-uUUty load among load centers of superpower sone in 1919. 

More than 50 per cent of the power generated at the present New York load center is used 
by the electric railways, whose slower rate of growth of load as compared with that in power 
for domestic and industrial uses will have the effect of decentralizing the total load on the super- 
power system by 1930. This effect is shown in Appendix E. The superpower system will 
become a means to this end. 
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PAST AND ESTIMATED FUTURE GROWTH OP IiOAD. 

Plate IV shows the growth of the electric-utility industry by geographic divisions and for the 
entire superpower zone during the 10 years ending with 1919 and the estimated growth by 1925 
and 1930. The record of the past growth includes the energy used for lighting, industrial power, 
electric street railways, and the electrified heavy-traction railroads. The estimate of the 
future growth does not include demands that may arise from the electrified heavy-traction 
systems. 

The future rate of load growth is estimated at 8.6 per cent, compounded annually. This 
estimate is leased upon the projection of past load growths taken in combination with opinions 
expressed by the operators of the electric-utility properties. The average annual growth dur- 
ing the last 10 years was 9 per cent. 

liOADS CARRIED. 

Figures 2*8, which are plotted from data furnished by the electric public^utility companies 
in the superpower zone, show the typical week-day, Saturday, and Sunday loads and also the 
demand for the day of peak load in 1919. 

Plate V shows the relation of energy generated in kilowatt-hours to the demand in kilowatts 
for the several geographic divisions of the superpower zone in 1919. They show that only about 
14 per cent of the enei^ generated in the zone is produced by the last 50 per cent of the demand. 
This indicates that the peak load should be carried by the less efficient steam-electric plants 
and by overdeveloped hydroelectric plants, because when the dam and headworks of a hydro- 
electric plant are once installed the cost of the generating apparatus for the plant is only hiedf 
that of thd tdtal cost of a steam-electric plant. ' 
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CAPACITY AND NUMBER OP POWER PIiANTS. 

Table 2 shows the capacity of power plants in the superpower zone, classified into steam- 
electric and hydroelectric and as to frequency. 

Table 2. — Capacity of tteam^leetrie and hydroeleetric power plants of electric tUilities in the euperpower gone in 1919. 



Ocooiphlo diTUoii md lotd 


8t«mi-cltetrio capMlty (thoiuuids of kilow»tts). 


Hydn«I«trfc«g«U^(tlu««nd.of 


Total 


etnUr. 

• 


25e3rele8. 


Moydes. 


Other tn- 
qucndM. 


Total. 


ISeydes. 


aOeydM. 


Other ft«> 
quondM. 


Total. 


aandsof 

kflo- 

watts). 


Eastern New EDgland: 

Bo0ton 


131.80 

5.50 

42.35 

10.00 


184.78 
72.00 

196.84 
76.83 


76.63 
3.17 

13.55 
2.25 


393. 21 
80.67 

252.74 
89.08 





8.60 


5.70 
17.88 

1.75 
61.58 




0.08 

0.41 


5.70 
17.96 

1.75 
70.59 


398.91 


Lowell 


98.63 


Ftovidence 


254.49 


Wofcester 


159.67 




1 




189.65 


530.45 


95.60 


815. 70 


8.60 


86.91 


0.49 


96.00 


911. 70 


Wester^ New England: 

Hutford 


6.70 
51.95 
13.00, 


43.48 

131. 17 

88.39 


4.65 

22.99 

7.12 


54.83 
206.11 
108.51 




.60 



13.35 
29.93 
65.69 




.57 
1.39 


13.35 
31.10 
67.08 


68.18 


New Haven 


237.21 


Nortliamnton r - 


175.59 








. 71.65 


263.04 


34.76 


369.45 


.60 


108.97 


1.96 


111.53 


480.98 


Mohawk: 

Utica 


1.75 
7.00 


16.54 
1.88 



31.10 


18.29 
39.98 


2.54 
7.29 


22.20 
10.02 


.12 
73.98 


24.86 
91.29 


43.15 


S^henectadv 


131.27 








8.75 


18.42 


31.10 


58.27 


9.83 


32.22 


74.10 


116. 15 


174.42 


Metropolitan: 

Newark 


38.35 
1, 110. 60 


204.71 
242. 73 


16.90 
16.53 


259.96 
1, 369. 86 






8.13 
.55 


.03 



8.16 
.55 


268.12 


New York 


1, 370. 41 






1, 148. 95 


447.44 


33.43 


1, 629. 82 





8.68 


.03 


8.71 


1,638.53 


Hudmn: 

PousfakeeufliB . 





25.82 


1.01 


26.83 





8.69 





8.69 


35.52 











25.82 


1.01 


26.83 





8.69 





8.69 


35.52 


Anthracite: 

Pottsville 




37.20 
19.45 


14.19 
42.25 
91.25 


2.31 
1.55 
9.61 


16.50 

81.00 

120.31 







.14 
2.51 
2.43 







.14 
2.51 
2.43 


16.64 


Allentown 


83.51 


Wilkee-Bane 


122.74 






. 


56.65 


147. 69 


13.47 


217. 81 





5.08 





5.08 


222.89 


Southern: 

Trenton 


2.10 


151.80 
191.00 
98.00 


15.14 

68.50 

295.74 

4.93 




5.83 
7.17 
34.00 
6.60 
1.57 


23.07 

75.67 

481.54 

202.53 

99.57 


.75 
.88 

2.70 
84.10 






15.82 
.65 
.41 






.03 




.75 
16.70 

3.38 
84.51 




23.82 


Harriabunr 


92.37 


Philadelphia 


484.92 


Baltimore r 


287.04 


Wiuihinirtnn 


99.57 








442.90 


384.31 


55.17 


882.38 


88.43 


16.88 


.03 


105.34 


987.72 


Superpower zone 


1, 918. 55 


1, 817. 17 


264.54 


4, 000. 26 


107.46 


267.43 


76.61 


451.50 


4, 451. 76 
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Figure 9 shows the number of power plants of different generator capacities among 280 of 
the larger electric-utiUty plants in the superpower zone in 1919. The average size of plant 
for all the utilities was 7,900 kilowatts, and there were 104 plants of this or greater capacity. 
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FlQUSi ViT^NimilMr of geoentiiig plants of dlflflrait q^iacities owned by 280 of the electzio-utflity 

oompantot in tlie superpower tone in 1010. 

Figure 10 shows the number of generating units of different sizes among 1,074 units of 
500 kilowatts or more in the superpower zone in 1919. The average size of unit for all the 
utilities was 2,700 Idlovolt-amperes, and the number of units of this size or greater capacity 
was 420. The capacity of the units to be installed in future superpower plants will be more 
than three times that of the plant of average size now in the zone. 
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FiouBB 10.— Number of generating units of different sixes oyer 500 kilowatts owned by the electric- 

utility companies in tbe superpower cone in 1919. 

PERFORMANCE. 

Table 3 shows the performance of 400 steam-electric and 158 hydroelectric power plants 
in the superpower zone in 1919. The effective capacity of steam-electric plants, though not of 
hydroelectric plants, is usually less than their generator capacity, being generally limited by 
boiler capacity. 
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Tablb 3. — Character and performance -of electric'UtUity planU in the superpotver gone in 1919. 





Existlnc gtoiffatliig 
' pUAU. 


0«n«mtor capadty (U&outands of 
kfiofTAtU). 


£fff»tiye< 


kOmrfttts). 


Geographic diyiilaa tnd lotd ocntw. 

1 


Staun- 
trlc. 


Hvdro- 
tric. 


Toui. 


StMin- 
eleetrlc 
plants. 


Hydro- 
•toctrio 
plants. 


ToUl. 

• 


Staam- 
eloetric 
planta. 


Hydro- 
dwtric 
plants. 


TOUL 


EaBtem New England: 

Boston 


34 
25 

19 
8 


1 
15 

1 
10 


35 
40 
20 
18 


393.21 
80.67 

252.74 
89.08 


5.70 
17.96 

1.75 
70.59 


398.91 

98.63 

254.49 

159. 67 


321. 95 
75.23 

190.63 
64.38 


5.70 
17.96 

1.75 
70.59 


327.65 


Lowell 


93.19 


Providence 


192.38 


Worcester 


134.97 








86 


27 


113 


815. 70 


96.00 


911. 70 


652.19 


96.00 


74&19 


Western New England: 

Hartford 


12 
24 
16 


6 

10 
22 


• 

18 
34 
38 


54.83 
206.11 
108.51 


13.35 
31.10 
67.08 


68.18 
237.21 
175. 59 


53.56 

174. 63 ' 

91.05 


13.35 
31.10 
67.08 


6a91 


New Haven 


205.73 


Northanipton , . . . . 


158.13 








52 


38 


90 


369.45 


111.53 


480.98 


319.24 


111.53 


430.77 


Mohawk: 

Utica 


16 
14 


18 
27 


-34 
41 


18.29 
39.98 


24.86 
91.29 


43.15 
131. 27 


17.79 
38.10 


24.86 
91.29 


42.65 


Schepectady ^ . 


129.39 


- 


30 


.^ 


75 


58.27 


116. 15 


174. 42 


55.89 


116. 15 


172.04 


Metropolitan: 

Newark 


25 
53 


8 
2 


33 
56 


259.96 
1, 869. 86 


8.16 
.55 


268.12 
1, 370. 41 


223.71 
1, 119. 05 


8.16 
.55 


23L87 


New York 


1, 119. 60 






.■•*•' 


78 


10 


88 


1, 629. 82 


8.71 


1, 638. 53 


1, 342. 76 


8.71 


1, 35L 47 


• ■ ♦ 
Hudson: 

Poughkieepsie '. 


13 


13 

i 


26 


26.83 


8.69 


35.52 


23.11 


8.69 


31.80 






J 


13 


13 


26 


26.83 


8.69 


35.52 


23.11 


8.69 


331.80 


Anthracite: 

Pottsville 


11 

6 

23 



6' 
> 4 


11 
12 
27 


16.50 

8L00 

120.31 


.14 
2.51. 
2.43 


16.64 

83.51 

122.74 


13.20 

75.50 

107.40 


.14 
2.51 
2.43 


13.34 


Allentown 


78.01 


Wilkes-Barro 


109.83 






^ 


40 


10 


50 


217. 81 


5.08 


222.89 


196. 10 


* 5.08 


201.18 


Southern: 

Tronton 


16 
17 
51 
14 
3 


1 
6 
4 
4 



17 
23 
55 
18 
3 


23.07 

75.67 

481.54 

. 202.53 

99.57 


.75 

16.70 

3.38 

84.51 




23.82 

92.37 

484. 92 

287.04 

99.57 


18.05 

65.20 

422.86 

185.30 

99.57 


.75 

, 16.70 

3.38 

84.51 

.00 


18.80 


Hanisburg 


81.90 


Philadelphia 


426.24 


Baltimore 


269. 81 


Washington y.*... 


99.57 




101 


15 


116 


882.38 


105.34 


987. 72 


790.98 


105.34 


896.32 


Superpower stone 


400 


158 


558 


4, 000. 26 


451. 70 


4, 451. 76 


3, 380. 27 


451.50 


3, 831. 77 
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Tabls 3. — Character and performance of elecirityutility plants in the superpower tone in 1919 — Contioued. 



■ 


Generator reserve in 
steam-eleotric 
plants. 


Effective 


reserve 

• 


Generated 0^ 


itput (m^IVon 


e of kilowatt^ 


Annual effective cana- 


* 


in steam-^ieo 
tric plants. 


noars). 


city fsetor (per cent). 


Geographic divialoD and 
loadoenter. 


Total 
fthousanda 
ofkUo. 
watts). 


* 

FW 

csnt. 


Total 

(thou- 

sands of 

kilo. 

watts). 


Per 

cent. 


Steam- 
electrio 
plants. 


Hydro- 
electric 
plants. 


Total. 


Steam- 
eleetrlc 
plants. 


Hydro- 
eieo- 
trlc 

plants. 


Total. 


Eastern New England: 

Boston , 

Lowell 


136. 41 
30.06 
91.90 
30.35 


63.1 
59.2 
67.2 
5L7 


65.15 

24.62 

29.79 

5.65 


25.4 

48.7 

18.5 

9.6 


759. 16 
143. 81 
445.79 
131. 11 


13.52 

53.20 

6.00 

220.82 


772.63 
197. 01 
450.79 
351.93 


26.9 
21.8 
26.7 
23.3 


27.1 
33.8 
32.6 
35.7 


26.9 
24.1 


Providence 


26.7 


Worcester 


29.8 








288.72 


54.8 


125.21 


23.8 


1, 479. 87 


292.54 


1, 772. 41 


25.9 


34.8 


27.1 


Western New England: 

TT^rffnrd . , , 


6.74 
70.80 
40.78 


14.0 
52.3 
60.2 


5.48 
39.32 
23.32 


11.4 
29.0 
34.4 


115.22 
379.58 
123.74 


52.33 

56.49 

194.63 


167.55 
436.07 
318. 37 


24.5 
24.8 
15.5 


44.7 
20.7 
33.1 


28.6 


New Haven.. 


24.2 


Northampton 


23.0 






• 


118. 32 


47.2 


68.12 


27.2 


618.54 


303.45 


921.99 


22.1 


31.1 


24.5 


Mohawk: 

Utlca. 


2.18 
18.83 


13.5 
89.1 


1.68 
16.95 


10.4 
80.2 


17.42 
30.33 


66.83 
323.58 


84.25 
353.91 


11.2 
9.1 


30.6 
40.5 


22.6 


Schenectady 


31.1 








2L01 


56.5 


18.63 


50.0 


47.75 


390.41 


438.16 


9.7 


38.3 


29.1 


Metropolitan: 

Newark 


152. 02 
353.06 


73.3 
34.8 


15.77 
102.25 


7.5 
10.0 


707.82 
3, 134. 15 


23.35 
1.35 


731. 17 
3, 135. 50 


36.2 
32.1 


32.6 
28.0 


36.0 


New York 


32.1 






• 


405.08 


33.1 


118.02 


9.6 


3, 841. 97 


24.70 


3, 866. 67 


32.6 


32.3 


32.6 


Hudson: 

Poughkeepsie 


10.28 


62.6 


6.56 


39.7 


37.68 


22.80 


60.48 


18.6 


30.0 


21.6 






. 


10.28 


62.0 


6.56 


39.7 


37.68 


22.80 


60.48 


18.6 


30.0 


21.6 


Anthracite: 

PottsviUe 


L80 

L63 

18.40 


12.2 

2.0 

18.0 


0. 
0. 
5.49 



0. 
5.4 


42.17 
317. 98 
365.69 


.03 

13. 72 

3.47 


42.20 
331.70 
369. 16 


36.4 
48.0 
38.8 


24.4 
62.4 
16.3 


36.1 


Allentown 


48.5 


Wilkes-Barre 


38.4 








2L83 


n.i 


5.49 


2.8 


725.84 


17.22 


743.06 


42.2 


38.6 


42.2 


Southern: 

Trenton 


7.74 

16.33 

8L 48 

106.50 

33.19 


50.6 
27.6 
20.4 
111.0 
50.0 


2.62 

5.86 

22.8 

89.27 

33.19 


17.1 

9.9 

5.7 

93.0 

50.0 


41.87 

175.66 

1, 259. 10 

175. 46 

234.21 


2.67 

83.80 

20.64 

504.96 

.00 


44.64 

269.45 

1, 279. 74 

680.42 

234.21 


26.4 
30.7 
34.0 
10.8 
26.9 


40.6 
57.3 
69.7 
68.2 
.0 


27.1 


Harrisburff 


36.1 


Philadolpnia 


34.2 


Baltimore 


28.8 


Waflhinston .* 


26.9 








245.24 


38.5 


153.84 


24,2 


1, 886. 29 


612. 07 


2,498.36. 


27.2 


66.2 


31.7 


Superpower zone 


1, 110. 49 


38.4 


490.50 


17.0 


8, 637. 94 


1, 663. 19 


10, 301. 13 


29.1 


42.2 


30.7 
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A SUPEBPOWEB SYSTEM FOB THE BEQIOK BETWEEN BOSTON AND WASHINGTON. 



A study of 196 steam-electric plants that use bituminous coal was made to ascertain their 
performance. These plants were selected from the 400 plants in the superpower zone because 
full and consistent data were available from each plant. Table 4 is a summary of the results 
of this study. The fuel consiunption varies from 6.23 pounds per kilowatt-hour for the small 
plants to 2.14 pounds per kilowatt-hour for plants having a capacity of more than 100,000 
kilowatts. Perhaps even more striking is the variation in the cost of maintenance, labor, 
and supplies, for this cost amounts to $23.10 per kilowatt-year of efiPective capacity for small 
plants but only to $5.46 for plants of more than 100,000 kilowatts. 

The complete result of this study is given in figures 11 and 12, showing the perform^ance 
and the operating cost, except the cost of fuel, which varies with size of plant, size of ^imit, 
and annual capacity factor. 

Table 4. — Perfcrmance and operating oott of 196 uUeied deetrie plantt unng bituminous coal in the euperpower tcm in 

Jr9i9, (y me of plant. 



AUpianU. 



Number of plants 

Total generator capacity, 

kilowatts. . 

Total effective capacity, 

kilowatts. . 

Total generator reserve over 
peak percent.. 

Total effective reserve over peak, 
per cent. . 

Average size of plant effective 
capacity kilowatts. . 

Average size of unit do 

Load uctor percent.. 

Effective capacity factor, 
percent.. 

Fuel per kilowatt-year of effec- 
tive capacity short tons. . 

Goal per kilowatt-hour, .pounds. . 

Cost of maintenance, labor, and 
supplies per kilowatt-year of 
effective capacity 



Under 


1,000 to 


2,M0to 


5,000 to 
10,000 


10,000 to 


2ft.000to 
50,000 


5aoooto 

100,000 


Over 


1,000 


2,500 


5,000 


25,000 


100,000 


UtovAtts. 


kilowatts. 


kUowatts. 


kilowatts. 


kilowatts. 


kUowatts. 


kilowatts. 


kilowatts. 


33 


36 


32 


29 


31 


14 


13 


8 


23,485 


62,061 


121,575 


230,500 


507,675 


476, 100 


905,400 


1,318,600 


21,530 


54,308 


106,200 


^02, 875 


449, 597 


393,600 


721,000 


1,048,450 


3a8 


32.0 


36.1 


42.0 


34.2 


53.8 


37.7 


,6a5 


19.8 


13.2 


19.0 


25.0 


18.8 


27.1 


9.7 


27.5 


650 


1,510 


3,320 


7,000 


14,500 


28,000 


55,500 


131,000 


273 


540 


905 


1,580 


3,000 


6,420 


12,600 


15^800 


2L3 


24.5 


27.3 


24.7 


2&5 


32.4 


38.8 


37.3 


17.7 


2L4 


28.0 


la? 


24.2 


25.4 


35.5 


29.4 


485 


3.96 


a64 


3.30 


3.21 


2.80 


3.42 


2.76 


6.23 


4.22 


3.60 


a80 


ao5 


2.50 


2.20 


2.14 


$23.10 


$18. 10 


$14.56 


$12.21 


$10. 15 


$6.82 


$7.80 


$5.46 



196 

3,645,396 

3,000,560 

46.5 

2a6 

15,300 

4,140 

34.2- 

28.4 

3.10 
2.48 

$9.23 



FUEL REQUIREMENTS. 

Table 5 (p. 48) shows the quantities and cost of the coal used by electric utilities in the 
superpower zone in 1919 and the results in heat units. The total cost of this coal, delivered, 
was $63,227,812. The cost per short ton ranged from $2.79 at the Wilkes-Barre load center to 
$8.75 at the Lowell load center. The average cost for the zone was $5.35. The quantity of coal 
consumed ranged from 2.27 pounds per kilowatt-hour at the Providence load center to 6.23 
pounds at the Utica load center. The Utica load center is, however, supplied largely by hydro- 
electric power; its steam-electric plants are small and are used principally as a reserve. The 
average quantity of coal consumed per kilowatt-hour in the superpower zone was 2.73 pounds, 
and the average heat utiUzation per kilowatt-hour was 35,800 British thermal units. 
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Fiouiu IL—Fuel performanoe in 1919 per pUnt and per unit of 196 electrlo-utUity plants in the superpower sone that used bituminous ooal. 
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FtoUBB 1&— All operating costs In 1919, except that of fuel, per plant and per unit for 196 electric-utility plants in the superpower sone that used 
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A SUPEBPOWEB SYSTEM FOR THE BEGION BETW&EH BOSTON AND WASHINGTON. 



Tabcs b.—'Fuel requitemmts and performance of eteeirie uHliHet in the ntperpotoer zone in 1919. 



OeograpUc division and load center^ 



Eastern New England: 

Boston. :..,, 

: Lowell -... 

Ptt)vidence . . .* 

Worcester-. 



Western New England: 

Hartford.... 

New Haven 

Northampton 



Mohawk: 

Utica 

Schenectady. 



Metropolitan: 
Newark... 
New York. 



Hudson: 

Poughkeepsie. 



Anthracite: 

Pottsville.... 
Allentown... 
Wilkes-Barre. 



Southern: 
Trenton. 
Harrisbi 
Philadelpl 
Baltimore . . . 
- Washington. 



)uis;.- 
Blpnia. 



Superpower zone. 



O-a- 



Coalused. 



Thoosands 

of short 

tons. 



911.20 
179. 11 
506.06 
182. 09 



1, 778. 46 



158.33 
562.18 

184. 77 

■ * 



905.28 



54.23 
85.13 



139.36 



939.45 
3, 800. 01 



4, 739. 46 



65.37 



65.37 



99.73 
580.69 
908.64 



1, 589. 06 



100.20 
^1.79 
1,648.50 
240.54 
268.05 



2, 589. 08 



11, 806. 07 



Short tons 

per 

kOowatt* 

year of 

effectiye 

capacity. 



2.83 
2.39 
2.66 
2.8l3 



2.73 



2.96 
3.22 
2.03 



2.84 



3.05 
2.23 



2.50 



4.20 
3.40 



3.53 



2.83 



2.83 



7.55 
7.70 
8.45 



8.10 



5.55 
5.08 
3.90 
1.30 
2.69 



3.28 



3.49 



Pounds 

per 
kilowatt- 
hour. 



2.40 
2.49 
2.27 
2.78 



Cost. 



ton. 



$6.50 
8.75 
7.70 
6.77 



2^.40 



7.10 



2.75 
2.96 
2.99 



6.63 
6.47 
6.73 



2.93 



6.23 
5.62 



5.85 



2.68 
2.42 



2.46 



6.^ 



5.43 
4.98 



5.15 



5.67 
5.61 



5.64 



3.47 



3.47 



4.73 
3.66 
4.96 



4.38 



4.78 
3.78 
2.62 
2.74 
2.39 



2.74 



2.73 



5.72 



5.72 



3.32 
3.42 
2.79 



3.05 



5.23 
3.28 
4.77 
5.10 
5.21 



4.67 



5.35 



Per year. 



$5, 927, 507. 29 
1. 568, 282. 26 
3, 891, 543. 19 
1, 233, 291. 44 



12, 620, 624. 18 



1, 049, 624. 24 
3, 633, 012. 15 
1, 241, 529. 15 



5, 924, 165. 54 



294, 400. 33 
423, 693. 27 



718, 093. 60 



5, 322, 720. 14 
21, 322, 522. 19 



26, 645, 242. 33 



373, 078. 08 



373, 078. 08 



331, 463. 33 
1, 983, 579. 13 
2, 537, 057. 10 



4, 852, 099. 56 



523, 175. 39 
1, 088, 894. 93 
7, 855, 907. 51 
1, 227, OIL 85 
1, 399, 519. 57. 



▼alue 

(thou- 
sands of 

Bcitijfti 

themial 

units per 

kiloiratt- 

hour). 



12, 094, 509. 25 



63, 227, 812. 54 



33.7 
33.3 
31.5 
37.2 



33. 4 



37.6 
39.7 
40.7 



39.5 



8ao 

70.0 



73.7 



35.4 
32.2 



32.8 



46.3 



46.3 



55.4 
41.2 
55.5 



49.2 



63.6 
41.7 
35.0 
37.0 
32.0 



36.1 



35.8 



- - PRODUCTION COST. 

4 . . 

Table 6 shows the production cost of the electric utilities in the superpower zone in 1919. 
The operating expense of the steam-electric plants was $91,195,000, of which 69 per cent was 
for coal and 31 per cent for maintenance, labor, and supplies. The total annual production cost 
of the steam plants was $183,441,333, of which the fixed charges were 44.5 per cent, the oi>er- 
ating expense 49.7 per cent, and the general expense 5.8 per cent. The total annual production 
cost of the hydroelectric plants was $15,661,382, of which the fixed charges were 81 per cent, 
the operating expense 11.1 per cent, and the general expense 7.9 per cent. The average produc- 
tion cost by steam was $0.0212 per kilowatt-hour, and the average production cost by water was 
$0.0094 per kilowatt-hour. 



ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN 1910. 
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Tablb 6. — Annual produetUm co$t oftketric viiUlia in the tuparpower unu^ 1919, 



Total ■oniud operating expense. 



Oeograpliic division. 



ESastem New England . 
Western New England. 

Mohawk 

Metropolitan 

Hudson 

Anthmcite 

Southern 

Superpower zone 



Steam-electrie plants. 



Fuel. 



Mainteoanoa^ 

labor, and 

supplies. 



$12, 620, 624 

5, 924, 166 

718,094 

26, 645, 242 

373, 078 

4, 852, 100 

12, 094, 509 



$5, 479, 617 

2, 827, 322 

613,092 

10, 913, 651 

208, 774 

2,503,538 

5, 421, 743 



63, 227, 313 



27, 967, 737 



TotaL 



$18, 100, 241 

8, 751, 488 

1, 331, 186 

37, 558, 893 

581, 852 

7, 355, 638 

17, 516, 252 



91, 195, 550 



Hydroelectric 
plants. 



$388,192 

438, 337 

376, 327 

67,330 

69,904 

63,687 

840,449 



1, 744, 226 



Fixed charges. 



Steam-eleettlo 
plants. 



Hydroelectric 
plants. 



$18, 532, 300 

8, 263, 600 

1, 592, 600 

29, 143, 100 

706,000 

5, 167, 200 

18, 269, 570 



81, 674, 370 



$2, 394, 350 

2, 476, 820 

3, 541, 200 

369,800 

245,630 

183, 510 

3. 474, 700 



12, 686, 010 



Geographic division. 



ESastem New England . . . 
Western New England.. 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 

Superpower zone. 



OenenI wxpeiMfli. 



Steam-electric 
plants. 



$2,456,444 

1, 347, 010 

274, 870 

3, 096, 990 

124, 280 

953,190 

2, 319, 150 



10, 571, 434 



Hydroelectric 
plants. 



$222,256 

377, 910 

339,780 

40,800 

19,740 

30,560 

200,106 



Total annual prodoctian cost. 



Steam-electric 
plants. 



$39, 068, 985 
18, 362, 098 

3, 198, 156 
69, 798, 983 

1, 412, 132 
13, 476, 028 
38, 104, 972 



1, 231, 146 



183, 441, 354 



Hydroelectric 
plants. 



$3, 004, 798 

3,293,067 

4, 257, 307 

477, 930 

335,274 

277, 757 

4, 015, 249 



15, 661, 382 



Cost per kilowatt- 
hour. 



Cost per kflowatt- 
year of eilecttye 
capacity. 



Steam- 
electric 
plants. 



$a0264 
.0297 
.0670 
.0182 
.0375 
.0186 
.0202 



.02124 



Hirdio- 
electric 
pluits. 



$0.0102 
.0109 
.0109 
.0194 
.0147 
.0161 
.0066 



.0094 



Steam- 
electric 
plants. 



$6aoo 

57.50 
57.25 
52.00 
61.2(1 
68.80 
48.20 



54.30 



Hydro- 
electric 
plants. 



$31.30 
29.50 
36.70 
54.90 
38.60 
54.70 
38.10 



34.70 



REPRODUCTION COST. 

Table 7 shows the cost of reproducing the electric-utility plants in the superpower zone as 
equipped in 1919. The total cost is $598,277,000, of which approximately 85.5 per cent is that 
of reproducing the steam-electric plants. The method used in arriving at these costs is stated 
in Appendixes F and G. 

Table 7. — Reproduction cost for electric puhlic-utUity power plants as of 1919. 



Oeogrsphie division. 



Eastem New England. . 
Western New England . 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 

Superpower zone 



steam-electric 
1>laiit8. 



$115, 949, 000 

52, 165, 000 

9, 957, 000 

181, 899, 000 

4, 407, 000 

32, 296, 000 

114, 477, 000 



Hydroeleotric 
plants. 



$16, 501, 000 

16, 713, 000 

24, 442, 000 

2,550,000 

1,603,000 

1, 265, 000 

23, 963, 000 



511, 150, 000 ; 87, 127, 000 



Total plants in 
superpower tone. 



$132, 450, 000 

68, 878, 000 

34, 399, 000 

184, 449, 000 

6, 100, 000 

33, 561, 000 

138, 440, 000 



598, 277, 000 



Percentage. 



steam- 
electric 
plants. 



87.6 
75.8 
28.9 
98.6 
72.2 
96.2 
82.7 



85.5 



Hydro- 
electiic 
plants. 



12.6 
24.2 
71.1 

1.4 
27.8 

3.8 
17.3 



14.5 



APPENDIX C. 

PROPOSED ELECTRIFICATION OF HEAVY-TRACTION RAILROADS IN THE SUFFER- 

POWER ZONE. 



By Cart T. HurcmNftON, N. C. McPhesson, and others of engineering staff. 



ABVANTAGES OP UNIFIED OPERATION. 

Many of the raUroad lines in the superpower zone have been built piecemeal to senr^ the 
interests of different communities as need arose, and consequently there has been considerable 
duplication of trackage and an unbalanced development. Consolidation subsequently impr^oved 
the conditions, and the trackage now imder steam operation in the zone is in general fully locL<ied. 

Better results would be obtained, even under steam operation, by treating these sys'ti^ms 
as a unit. A substantial increase in traffic could be handled by better routing; by setting a-side 
certain tracks for exclusive service where lines are parallel, as between Washington and I^liila- 
delphia or New York and Scran ton; by eliminating competitive branch lines; and by abandosiing 
branch lines that are unprofitable though not competitive. These improvements and ncxany 
others have been discussed within the last few years, but no action has been taken. 

Even after all possible improvements of this kind had been made, however, the railx-oad 
system would still be an inferior machine, with compromises in all its parts. The ch&r^M^ter 
and the cost of the servica would not be essentially altered. 

Unified operation by electricity, on the other hand, would give much better condit>ions 
than any that could possibly be attained under unified operation by steam. There would be 
a new motive power, in which all units or parts designed for similar service would be ideiitiical 
and interchangeable. There would be pooling of all power, with great reduction of reserves. 
Repair shops would be consolidated, and maintenance would become a standardized manu^^' 
turing job. Track capacity would be greatly increased, and certain tracks would be allocated 
to freight or passenger service exclusively. All freight trains would be run on schedule; t»^® 
average speed would be more nearly the same and would be increased at least to the 12.5 Jocvxes 
an hour needed to avoid the present punitive overtime payments. Engine-house facil*^**^^ 
would be much simplified by consolidation. 

A specific illustration will show how wide the field is for possible savings under un^^^^ 
control. In 1919 one of the large railroads in the superpower zone spent about $20,000,000 for 
locomotive maintenance, and another spent about $40,000,000, the costs per locomotivo^^™® 
amounting, respectively, to 21 cents and 38 cents. Prorated to a weight of 100 tons on dri"^*^' 
these costs become 24 cents and 46 cents, a difference of 90 per cent. The difference in av^^^^® 
service is not sufficient to account for this difference in cost, which could not persist tX^^^ 
unified control. 

These improvements in operation can be made more readily under electric service *^^ 
under steam, for a change in the power system would bring fresh minds into the service ^ 
would consequently liberate the mental operations of the average railroad man from theii" ^^^' 
ventional routine. Under electric operation, for instance, the entire traffic between Philadelp^* 
and Washington could readily be carried over the rails of the Pennsylvania system, those o^ ^ 
Baltimore & Ohio being left for future growth. Similarly, electric operation in the vicini^^^ 
Boston and New York would leave a margin of track capacity so great that no money n&^^^ 
spent for many years for further extensions of track. This release of trackage is one of th^ "^^v 
notable advantages that would follow unified electric operation of the railroads in this terri '^^^j' 
The great expense of any large increase in trackage should of itself force electrification ; the ^'^ , 
cost 20 years hence will be less if electrification js begun now than the cost of the added "i^^ 
50 
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and terminal facilities necessary under steam operation to provide for the inevitable 100 per 
cent increase in traffic within that time. 

The reserves of men «nd of machinery required for joint operation wiU be much less 
than the aggregate of the separate reserves required for individual operation. The great waste 
involved in the maintenance of separate reserves of motive power is exhibited by the operating 
statistics of the roads, quoted elsewhere, which show that the average freight locomotive in this 
territory is in productive service only 3,250 hours out of the 8,760 hours in a year, and the 
average passenger locomotive only 2,630 hours. With joint electric operation and consequent 
unification of types of motive power there would be a striking improvement. The steam loco- 
motive runs 8 hours a day; the electric locomotive 20 hours. 

The fundamental reason for coordinated control of railroad operations is precisdy the 
same as that for regional control of the generation of electric energy. The greatest economy 
can be attained only by intelligent unified direction of the movements of all parts of the system 
for the best ir.terests of the whole. 

SPECIFIC ADVANTAGES OF EIiECTRIFICATION. 

In addition to the general economic advantages that would be gained by joint operation 
of the rail systems within the superpower zone by either steam or electricity, there are other 
advantages inherent in operation by electricity. These may be classified as advantages of 
electric traction in operation and advantages of the electric locomotive as a machine. 

ADVANTAGES IN OPEBATION. 

Some of the advantages of electric operation are the conservation of national resources, 
both of coal and labor; an increase in the capacity of main and yard tracks; an improvement 
of the physical condition of terminals and an increase in the value of the property, as shown by 
the New York Central and Pennsylvania terminals in New York City; benefits both to the travel- 
ing pubUc and to residents along the route through the elimination of noise and smoke, the 
possibihty of providing multiple-level terminals and freight warehouses; and economy in opera- 
tion through the use of fuel and machinery for generating energy by a few skillful operators in 
economical stations as contrasted with a large niunber of technically ignorant operators with 
small, uneconomical machines. 

The electric locomotive is equipped with meters that afford complete knowledge and con- 
trol of operating conditions and that are also a valuable guide in handling the train, particularly 
in starting a long, heavy train. With electric traction the economy of the entire sequence of 
operation is not dependent upon one man, as it is with steam. Operation is therefore no longer 
a matter of individual human judgment, skill, or fideUty.' It is this unfortunate human element 
that nullifies the theoretical advantages of the ''full-jeweled movement" steam locomotive. 
The effectiveness of the devices for increasing efficiency and capacity, such as brick arches, 
superheaters, stokers, siphons, automatic fire doors, and power reverses, necessarily depends 
on the intelligence and faithfulness of the average engineer, and in consequence the average 
results are low. The inherent wastefulness of the steam locomotive is proved by its own advo- 
cates in their claim that '' 40 per cent of its coal can be saved by the careful use of these auxiliary 
devices." Then why be skeptical of a saving of 60 per cent by a modem power station, which 
has all these devices in greater completeness and, in addition, has brains to use them t 

The speed of different classes of trains will be more nearly uniform. Much heavier trains 
can be handled, and at the same time light freight trains can be moved at the speed of local 
passenger trains. It has been proved that for the heaviest freight service, such as mountain- 
grade work, the electric locomotive is superior to the steam locomotive, but its superiority in 
handling light freight at high speed is not so generally xmderstood. 

As the electric locomotive is simple and as all locomotives of a given class are identical and 
no more skill is required to operate them than is demanded of an ordinary chauffeur, all loco- 
motives will be pooled, so that the total number required will be materially reduced. 
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A considerable saving m time and hence an increase in capacity will be made by lengtlieii-p 
ing the operating divisions, which will be from 200 to 400 miles long instead of 100 miles. An 
electric passekiger locomotive will rym in t^e monuQg from New York to Boston and will return 
in the afternoon or atnigkt , making a total tim of 450 miles a day. A similar round trip will be 
made betwe^ New York and Washington, or New York and Syracuse; The electric locomotrve 
din be kept at work on the road for 20 hours a day^ and if operated at an average speed of 25 
miles an hour can run 500 miles a day. This mileage^ however, is double that of the electric , 
passenger engines now used on the New Haven line and is higher than would be obtained as an 
average, but there is every reason to believe that with unified operation an average-between 250 
and 500 miles can be made. 

The flexibility of ^e electric locomotive is much greater than diat of the steam locomot>ive. 
Its capacity is determined by heating and therefore by the average work it has to do, andnot by 
themaxilhum grade, which is taken care of by the overload capacity of the engine. With eloo trie 
traction the maximum grade for the profiles within the superpower zone is practically elimi- 
nated as the determining factor in locomotive equipment. 

The availability of the electric locomotive for service is at least twice as great as that of* the 
steam locomotive. After a trip it can be thoroughly inspected in less than an hour,^ whor^as 
thethorough inspection of a heavy steam locomotive consumes four to ten hours. ' It requaree 
no water, furi stations, ashpits, or turntables. The repair-shop capacity required is less t;l:iaii 
a third of that needed for steam locomotives. The expense of track maintenance is reduc^^^ 
and the ballast is cleaner. The engine-house expense is reduced nearly to a negligible amoxxnt. 
In the electric locomotive energy can be regenerated where the profile permits it, thus s&^v^xng 
some energy and much wear of brake shoes, bettering the handling of trains, and consequexxtly 
saving expense in freight-car maintenance. 

As a result of these and other advantages the electric locomotive should, under favor'fii'l>lo 
conditions, handle twice as many ton-miles as the steam locomotive per locomotive-year; orx "fch© 
Norfolk & Western it actually handles three times as many ton-miles. This gain is not pos^il^l^ 
under all conditions, but it is possible where the traffic is great and the tracks, yards^ and ^t>e^ 
minals are congested^ as they are in l^e superpower zone. 

'^ Electric traction, then, gives increased capacity of main track, yard track, aad locomo^ii'^^ 
with reduced cost of operation and maintenance per ton-mile and- per passenger-mile. 

A30VANTAOBS OF THE BLBCTBIG liOCOMOTIVE AS A KACHIMB. 

The electric locomotive is a better machine than the steam locomotive Sot the follc^^iDg 
among other reasons: It has no boilers or firebox; it has a shorter rigid wheel base; it cajrraes 
no tender; it has a greater ratio of weight on drivers to total engine weight; it has less weigfc* 
per driving axle, and a greater proportion of its weight is spring borne ;4t has uniform torqixe 
and therefore a higher coefficient of adhesion; it can be built for any power desired by increasi^^ 
the number of drivii^ axles and is therefore free from limitations of length; its maxin^'^*^^ 
torque is available at much higher speed; the steam locomotive can work to an adhesion of ^y 
per cent up to only lO^or 12 miles an hour, whereas the electric locomotive can work to tlxw 
fcidhesion up to 20 to 25 miles dn hour; its efficiency over a range of load from 50 to 100 per coxit 
varies only a few per cent and is constant throughout its life, whereas the efficiency of the st^^**^^ 
locomotive varies over a wide range with age and use — a modem superheated Steam locom^*'^'^ 
requires 50 per cent more steam per horsepower-hour- at full load than at half load; and fixJ-^-^yi 
a steam locomotive must bum coal in descending a grade on which an electric locomotiv^^ -v^ 
regenerate energy. To sum up, the electric locomotive is much the better transportation. ^^"^^ ' 

CLASSES OF ELECTRIC LOCOMOTIVES, 

d 

The great, variety in types and weights of steam locomotives for freight, passenge^^ i 

Switcher service is largely the result of growth, of change in fashion, and of whims of indi^^i j 
operating officers. There is no sound reason for such variety. The United Sttates Rail*^ 
Administration formulated certain standard designs of steam locomotives, reducing the ni ^ ""^^ 
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of types to about ten, including the Mallet or articulated locomotive^ With electric equipment 
this number can be reduced still further, certainly to as few as six types and posribly to three, 
as may be seen from an examination of the weight on driven of the steam locomotives now in 
use. Those in freight service carry between 77 Mid 120 tons on drivers. Of those in passenger 
'service, 80 per cent carry between 64 arid 80 tons on drivers ; but a few very stnall locomotives^ 
probably 6 per cent of the total, are performizlg no material service. Of the switchers, -00 per 
cent carry from 65 to 86 tons on drivers, and a few carry more. 

The entire freight service in the superpower zone can be handled by ele(5trio' freight loco- 
xnotives having two articulated 2-axle trucks, each carrying two motors geared to t&e axle, 
the mounting being essentially the same as that in a number of locomotives now in -use- and 
similar to the usuid street-car liiounting.- There would be two .classes of locomotives of Uiis 
type — a light one carrying 80 tons on drivers and having a continuous drawbar pull of 22,000 
pounds at 25 miles an hour, and a heavy one carrying 110 tons on drivers and having a contim!k)Us 
drawbar pull of 30,000 pounds at the same speed: These uuits caabe combined in any reasonable 
nymber; the total load on drivers* can be made equal to 80, 110, 160, 190, 220 t<^^ or as much 
more as may be desired, being limited ohly by the ^^trength of the draft rigging.** ^ A train* can 
of course be double-headed, and a total tractive puli up to the maximum now in use can be 
obtained, with at least double the present speed. 

For passenger service a similar arrangement wotdd be used — that is, two articulated 
2-axle trucks; with one motor geared to each axle. The motors may be practically tho same 
aa those in the freight locomotives, the only difference being a chldige in gear ratio. The 
passenger locomotive, however, would have leading and tr^ling trucks^ with either two or four 
wheels, and the total weight' would be redistributed. This passenger locomotive would be of 
two weights, the light one having 60 tons on drivers, and the heavy one 90 tons. These also 
may be combined, Uke the freight locomotives. 

For the switchers one size will be adequate, with 70 to 75 tons on drivers, of the same 
type as the freight locomotive. Substantially the same frame and running gear can be used, 
with motors of less capacity. 

All three types of lopomotives will have the usual overload capacity, and all will be able 
•to operate in starting and accelerating at 25 to 30 per cent adhesion^ ^ - 

These suggested sizes and types of locomotives can of course be varied greatly without 
sacrificing the advantage of unified electric operation, but identity of types- for the same service 
throughout the superpower zone is essential. 

SCOPE OF RAILROAD INVESTIGATION. 

The general purpose of this investigation is to estimate the saving that would be effected 
by imified electric operation of the class 1 railroads within the superpower 2sone and to<^ompare 
this estimated saving with the investment needed to effect it. > . . ' - . . 

For this purpose the traffic conditions and the kind^and quantity of service assumed are 
those of 1919, with the substitution of the electric for the steam locomotive. Of •course, to 
insure the greatest gain from electric tractioi^ the enture - transportation scheme must be re*- 
vamped and fitted to the use of the new agent. An anadysis based on such tt change, however, 
would involve a detailed study of each road, and indeed of e^h division, which is not now 
possible. 

The estimated saving in the cost of operation includes a reduction in certain items' of 
steam-railroad cost' that will be effected by the change of motive power. These items, named 
approximately in the order of their costj are locomotive maintenance (including, engine-house 
service), coal and water, and wages of crew. These items make up about 90 per cent of the 
expense affected by the change in the method of operation. In addition to the saving on these 
principal items there will be some saving — ^an amount hard to estimate^-^in the maintenance 
of curved track and freight cars, as a result of better train handling, and in ceitain minor items. 
The reduction in all these expenses will be offset by the cost of the electric energy required to 
do the work done by steam, the cost of the operation and maintenance of substations and of 
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the electric overhead distribution system and track circuits, and the cost of maintenance of the 
electric locomotives. 

The cost of electric energy, as the phrase is used here, means its total cost deliyered to the 
railroad company's substation. The railroad company will have no investment in plant for 
generating or transmitting energy. Its investment begins with substations segregated for 
railroad use, owned by the railroad company individually or jointly with other companies. 

This comparison of costs of investment and operation need take no account of the system 
of electric traction to be used except in so far as the use of different systems might entail different 
costs of operation or construction. The only two systems that are applicable to general traction 
within the superpower zone are the 3,000-volt direct^urrent system and the 11,000-volt (or 
higher) alternating-current system, both with overhead distribution circuits and rail return. 
Both of these systems are in successful use, and both can no doubt be designed and constructed 
to give satisfactory service in the zone. 

The alternating-current system generally involves a lower investment cost than the direct- 
current system, as at low frequencies of supply substations with rotating machinery are replaced 
by transformers erected along the right of way; but this saving will not be effected under the 
super power system, for the frequency adopted for generation and transmission — 60 cycles — 
requires substations with rotating machinery for the altemating^urrent as well as for the 
direct-current system, and the capital costs of the two are nearly equal. 

The operation and maintenance of substations is ordinarily an additional burden in the 
directncurrent system, but under the superpower system this would be offset by the addition 
of the frequency-changing equipment. 

In order, then, to avoid some uncertain elements in the estimates of the cost of the alter- 
nating-current system it has been decided to base all estimates, both of operation and of con- 
struction, on the 3,000-volt direct-current overhead system. Substantially the same results 
in money could, however, be obtained with the alternating-current system, certain gains being 
offset by certain losses. 

PROOESDURB FOIil/OWBD BT RAILWAY DIVISION. 

« 
The procedure of the railway division of the superpower survey in its study of the proposed 

electrification of the heavy-traction lines within the superpower zone comprised the collection 

of the physical, data, the analysis of the data, and the formulation of conclusions. 

DATA COLLECTED. 

It was evident at the outset that it would not be adequate to study the roads as units but 
that a study should be made of the operating divisions of the railroads. A study of a railroad 
system as a whole, even if it lay entirely within the zone, would yield only average results, 
which might make a poor showing, whereas some of the divisions treated separately might make 
a good showing. It was therefore decided to ask each of the class 1 railroads within the 
superpower zone, of which a list is given below, to answer the questions on Form A, asking for 
certain fundamental data as to roadbed, equipment, and traffic. This information, like all 
other information sought, was to cover the year 1919. 



Class 1 raUroads toithin the superpower zone. 



Boston & Maine. 

Boston & Albany. 

New York, New Haven & Hartford. 

New York Central. 

Delaware & Hudson. 

Ulster & Delaware. 

New Ycnrk, Ontario & Western. 

Lehigh & New England. 

Lehigh & Hudson River. 



Erie. 

Delaware, Lackawanna & Western. 

Lehigh Valley. 

Central of New Jersey. 

Long Island. 

Pennsylvania. 

Philadelphia & Reading. 

Western Maryland. 

Baltimore & Ohio. 
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F^nn A* 

Data Shext fob Stbam-Opbratbd Ditxuons. 
boundary of zone. 

The Eone included in the supeipower survey 10 bounded u follows: Beginning where the 30^ pandlel crosses 
Delaware Bay, thence west to Washington, looping around Washington to include the city; thence north along the 
n^ meridian to its intersection with the 41^ parallel; thence northeasterly to the intersection of the 43^ pamllel ' and 
the 75^ meridian; thence east to the vicinity of Portsmouth, N. H., looping around that city; and thence to the 
Atlantic seacoaet, running outside of Long Island and New Jersey to the starting point on the 39^ parallel. 

The infonnation requested herein refers to those parts of your system included within the above boundaries which 
are steam operated wholly or in part. (Data covering electric operations are outlined on ''Data sheet for electric- 
operated divisions.") 

ROADBED. 

1. Outline map, showing all lines within the zone, indicating division points, number of main tracks, sidings, 
etc. ; also indicate nearest division point outside of zone boundaries. Maps giving track profiles. 

2. Diagram of principal yards, showing track layout. 

3. Summation of mileage of track— e. g., first, second, and other main tracks; s^dingB, etc., for each division. 

EQUIPMENT. 

4. Number and classification of locomotives assigned to each division for freight, passenger, and switching servicei 
giving Ux each class total weight with tender full and tender empty, and wei^t on drivers. 

TRAFFIC. 

Give separately for each division for each month of 1919, aud total for the year: 

5. Passenger service, train-milee, total locomotive-miles, and car-miles. 

6. Freight service, train-miles and total locomotive-mOee. 

7. Gross ton-miles moved (including engine and tender)^ separately for freight and passenger. 

8. Switching service, ton-miles, engine-miles, engine-hours, or in such other form as is at hand. 

9. Amount of coal used for each class of service separately, if possible, and totals; kind of coal burned. 

10. Average annual maintenance per locomotive-mile, separately «f or each class, if possible. 

On January 15, 1921, all replies were in hand. A preliminary analysis was made of each 
set of replies when received ; correspondence with the designated officer of each railroad helped 
to clear up points that were obscure and supplemented the information furnished; and all 
available data covering roadbed, equipment, and traffic were complete before the middle of 
February. 

In addition to Form A a second sheet (Form B) was sent to the roads that were in part 

electrically equipped — the Baltimore & Ohio, the Pennsylvania, the Long Idand, the New York 

Central, and the New York, New Haven & Hartford. The questions on this form are more 

general and were intended principally to elicit an accurate description of the physical property 

and equipment, together with sufficient statistics of traffic and of electric supply to permit 

their discriminating use in the allocation of energy required for the proposed unified operation 

of the steam roads. This information was all in hand at about the same time as the data from 

the steam roads. 

Form B. 

Data Shebt for Elbctric-Operatbd Divisions. 

boundary of zone. 

The zone included in the superpower survey is bounded as follows: Beginning where the 39^ parallel crosses Dela- 
ware Bay, thence west to Washington, looping around Washington to include the cit>-; thence north along the 77^ 
meridian to its intersection with the 41^ parallel; thence northeasterly to the intersection of the 43^ parallel and the 
75® meridian; thence east to the vicinity of Portsmouth, N. H., Ipoping around that dty; and thence to the Atlantic 
seacoast, running outside of Long Island and New Jersey to the starting point on the 39® parallel. 

The infonnation requested herein refers to those parts of your system included within the above boundaries which 
are electrically operated wholly or in part. (Data covering all steam operations are outlined on '' Data sheet for steam- 
operated divisions.'') 

> Tbe northern boundary of the lone as finally studied is the 44th parallel. 
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DBSCBimON 0» FRTUCAL PBOPBBTT. 

1. A map ahowing the electric divimoDA, iudicatiiig trftdm electrified and location of power house and edbetatioaiai, 
and track profiles. 

2. A descriptiou of the system of generatioD, transmission, transformation, distribution, and utilizatioii of the 
electric supply, including general equipment of power stations, substations^ etc. Diagrams giving feeder, ttoUey 
(or third rail), and bonding layouts, and any printed descriptions or references thereto. 

3. Greneral description with drawings of locomotives in use, with total weight and weight on driven. 
. 4. Characteristic performance curves of locomotives--speed, torque, and heating. 

TRAJPnc' 8TATI8TEC8 MONTHLT FOB 1919 AND TOTAU. 

5. Tndn-miles (excluding multiple-unit can) for freight and passenger, or for both. 

6. Electric locomotive-ndles for freight and passenger, or for both. 

7. Multiple-unit car mileage and train mileage. 

.8. Statement of switching service in electric locomotive-miles, looomotive-houis, or ip such fonn as is at hand. 

9. Total gross ton*miles moved. 

ELECTBIC SUPPLY. 

10. Kilowatt-hours used — ^power-house output or substation input or output, preferaoly the latter. State point 
of measurement and whether record is available at either of the other points, even if for shorter periods. 

11. Average daily, monthly, and annual load factors, stating how divisor is determined — that is, whether houriy 
peak or other. 

12. Monthly peak, kilowatts. 

13. Oost of electric supply in detail, if generated; or price, if purchased. 

14. Cost of handling traffic per train-mile and per ton-mile. 

15. Maintenance cost of locomotives per locomotive-mile and annual totals. 

16. Cost of construction and equipment, subdivided into energy supply, transmission system, substations, distribu- 
tion, and locomotives,' with date of purchase. 

17. Total cost of operation and maintenance of electric system under standard Interstate Commerce Commiaaion 
dasaification. 

Tables 8, 9, 10; and 11 set forth these fundamental data of the roadbed, equipment, and 
traffic of each of the steam roads withih the zone, and Table 12 summarizes them for the entire 
zone. The Central New England is included with the New Haven road in all tables. 

Table 8. — SUam-operated tracks owned by cUm 1 railroads within auperpower zone, 1919, in mUes. 



System. 



Boston & Maine. 

Boston A Albany 

New York, New Haven & Hartford and Central New 

England ** % 

NewYork Central o 

Delaware & Hudson .' 

Ulster A Delaware 

New York. Ontario & Western 

Lehigh & New England 

Lehigh & Hudson Kiver ; 

Erie 

Delaware, Lackawanna & Western 

Lehigh Valley 

Central of New Jersey : 

Long Island « 

Pennsylvania o 

Philadelphia & Reading: 

Western^aryjand 

Baltimore & Ohio 





Main track. 




Yards and 
sidings. 


Total. 


First. 


Seoond. 


Other. 


Total. 


1,872 
393 

2,212 
790 
377 
129 


620 
220 

819 
594 
233 


10 

110 

66 

414 
56 


2,502 
723 

3,097 

1,798 

666 

129 

334 

242 

75 

1,146 

1,069 

1,114 

970 

421 

8,635 

. 2,365 

115 

620 


1,124 
419 

1,558 
952 
337 
34 
118 
114 
57 
725 
705 
774 
822 
281 

2, 473 

1,375 
58 

. 367 


3,626 
1,142 

4,655 

2,750 

1,003 

163 


180 


154 
4 




452 


238 




356 


75 




132 


715 

590 

673 

638 

312 

2,176 

1,581 

95 


- 364 
357 
312 
252 
102 
944 
627 
20 
227 


67 
122 
129 

80 

7 

515 

157 


1,871 

1,774 

1,888 

1,792 

702 

6,108 

. 3,740 

173 


350 


43 


927 


13, 396 


5,849 


1,776 


21, 021 


12,233 


33,254 



a ElectriflGd track omitted. 
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Tama ^,^^team loeomotweM in $ennce on clou 1 raHroodM wUhin miperpower tone, 19^19. 



8yst6Ri. 



Boston A Maiiie. 

Boston A Albany ...j 

New York, New Bjtven & Hartford and Central New England; 

New York Central ,.. . ^. 

Delaware & Hudscm ^ 

Ulster A Delaware - 

New York, Ontario St Western. > 

Lefaigh & New. En^uad 

Lehigh St Hudson River. 
Erie.^ , 



•» ' 



Delaware, Lackawanna St Western 

Lehis^ Valley. 

Oentrid of New Jersey 

Long Island.......... ! 

Pennflvlvania 

PhiladelDhia St Reading. 

Western Maryland ^ 

Baltimore St Ohio , 



Per cent. 



Freight. 



465 

147 

416 

244 

262 

17 

77 

35 

40 

260 

312 

280 

253 

43 

674 

474 

46 

106 



PasaeDgKT. 



4,151 
43.6 



305 
143 
407 
191 

34 
8 

39 

2 

5 

176 

128 

85 
155 

67 
593 
24^ 

26 

63 



Switching. 



2,669 
28.0 



203 

61 
344 
212 

18 
3 
8 

24 
3 
132 
130 
254 
177 

36 
568 
366 

21 
141 



2,701 
28.4 



Total. 



973 

351 

1,167 

647 

314 

28 

124 

61 

48 

568 

570 

619 

585 

146 

1,836 

1,082 

93 

310 



9,521 
100 



Table lO^^-^toom traffic movement on ela^ 1 railroads within superpower zone^ 1919, 



BystCBD. 



Frd^t, 
tniUngloBd 


Psncngor 
(thousands 


Switcfainc 


(thouMiids of 


oftrain- 


oflooomo- 


ton-miles). 


milM). 


tiv9-mil0s). 


6,660,000 


9,220 


4,460 


3, 266, 000 


3,640 


2,330 


8, 183, 000 


11,250 


4,900 


10, 914, 000 


10,400 


5,086 


5,650,000 


910 


1,143 


85,000 


240 


27 


915,000 


865 


300 


488,000 


30 


540 


710,000 


125 


80 


6, 707, 000 


4,600 


2,306 


6,200,000 


4,100 


3,200 


5, 093, 000 


2,170 


3,480 


4,400,000 


3,810 


3,000 


299,000 


2,500 


1,200 


22, 545, 000 


23, 426 


14,024 


10, 900, 000 


7,650 


7,763 


235,000 


240 


120 


3, 379, 000 


2,950 


2,577 


95, 629, 000 


88,026 


56,536 



Boston St Maine 

Boston St Albany 

New York, New Haven St Hartford and Central New England 

N ew York Central 

Delaware St Hudson 

Ulster St Delaware 

New York, Ontario St Western 

Lehigh St New En^and 

Lehigh St Hudson River w 

Erie , 

Delaware, Lackawanna St Western 

Lehigh Valley 1 

Central of New Jersey 

Long Island 

Pennsylvania — ■. 

Philadelnhia St Reading 

Western Maryland 

Baltimore St Ohio 
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Tabli 11. — Coal uied 6y iUam loeomoHve$ o/ekM 1 mUroaidk tottAtn the superpower zone^ 1919, in thort tons. 



Systflm* 



Boston & Maine 

Boston A Albany : 

New York, New Haven & Hartford and Central New England 

New York Central 

Delaware A Hudson 

Ulster A Delaware 

New York, Ontario & Western 

Lehigh & New England 

Lehigh A Hudson Kiver 

Erie 



D^ware, Lackawanna A Western. 

Lehigh Valley 

Centnd of New Jersey 

Long Island 

Pennavlvania 

PhilaaelDhia A Reading 

Western Maryland , 

Baltimore A Ohio 



Per cent. 



Freight. 



642,500 
397,000 
800,000 
724,000 
622,000 

18,700 
106,300 

63,100 

58,000 
575,500 
900,000 
676,000 
505,700 

84,200 
1, 731, 200 
1, 505, 100 

48,000 
312,500 



9, 771, 800 
53.1 



485,000 

246,000 

705,000 

609,500 

62,000 

14,000 

35,000 

2,800 

7,600 

356,900 

300,000 

187,000 

260,400 

141,200 

1, 413, 000 

495, 100 

16,700 

187,800 



5, 525, 000 
30.0 



Switcher. 



ToUL 



193,500 

83,000 

279,000 

272,500 

81,000 

1,300 

16,000 

27,500 

5,300 

161,000 

200,000 

240,000 

195,400 

48,100 

750,800 

404,500 

9,600 

140,000 



3, 108, 500 
16.9 



1,321,000 

726,000 

1,784,000 

1,606,000 

765,000 

34,000 

159,300 

93,400 

70,900 

1,093,400 

1,400,000 

1, lOS, 000 

961,500 

273,500 

3,895,000 

2, 404, 700 

74,300 

640,300 



18,405,300 
100.0 



Table 12. — Summary of principal data for eUua 1 railroads within the superpower zone for 1919. 
Road miles.. 13,396 



Main track do. 

Yards and sidings do. 

All tracks do. 

Freight locomotives 

Passenger locomotives 

Switcher locomotives 



21, 021 
12,233 



33,254 



4,151 
2,669 
2,701 



All locomotives. 



Freight trailing load thousands of ton-miles. 

Passenger service tndn-miles. 

Switcher service locomotive-miles. 

Coal burned: 

Freight service shc^ tons. 

Passenger service do. . . 

Switcher service do. . . 



9,521 



95, 629, 000 
88, 026, 000 
56,536,000 

9, 771, 800 
5, 525, 000 
3, 108, 500 



All services do 18, 405, 300 

In addition to the data from the railroads two large electric companies, the General Elec- 
tric and the Westinghouse, were asked to prepare estimates of cost of substation equipment, of 
electric locomotives, of catenary construction, and of other electric facilities — all as of the year 
1919. Similar data were also asked of the Ohio Brass Co. and one or two other companies. 
All made prompt and full response. After a provisional analysis of certain of these data the 
opinions of engineers of electric railways were sought, and their criticisms were considered in 
making up final estimates of cost of construction and of operation. 

The locomotive-mile and the ton-mile were selected as bases for the electric comparisons, 
principally for the reason that locomotive maintenance is always reported "per locomotive- 
mile," both for steam and electric locomotives. The statistics of electric service for energy 
used can easily be put into any units. Form C was standardized, and the replies from the 
operating roads were all tabulated in this form, as shown on the following page. 



ELBCTBIFtCATION OF HEAVY-TRACTldN RAILBOADS. 

Vornt C* 

Compariaon of- steam and eUetrie operation, M. ds JV. $y$tem, R. divition. 
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Trejght. 


PU§0Ilgff. 


Switdier. 


All services. 




Unit value. 


TotaL 


Unit value. 


Total. 


Unit value. 


TotaL 


Unit value. 


Total. 


1. Milee of road operated. . 




293 

505 

96 
9,600 

1,728 
2, 433, 000 




293 
505 

89 
5,700 

4,150 








293 


2. MileB of track operated. . 








221 

60 
4,860 

1,654 




726 


SteoffL 

3. Average uumber of aa- 
Bumed locomotiveB 










245 


4. Weight on drivers .tons.. 

5. Locomotive-miles, 

thoYisandff 


100 


64 


81 


82.3 


20,160 
7,532 


6. Trailine ton-miles, do 










7. Car-miles do 






28,130 
225,000 

108 

• 










8. Goal burned tons. . 




22i,666 
225 

73,000 

73,000 
73,000 

148,000 

$1, 105, 000 
730,000 






68,500 
83 




514,500 
137 


9. Coal per locomotive- 
milf^ , poundi> 


• 








Electric. 

10. Kilowatt-hours (M-ton- 
mile basis) .thousands. . 


30 
42 3 










11. Kilowatt-hours (locomo- 

tive-mile basis, 
thousands.. 

12. Eouivalent coal. . .tons. . 


20 


83,000 
83,000 

142,000 

$1, 125, 000 
830,000 


15 


24,800 
24,800 

43,700 

$342,500 
248,000 


24 


180,800 
180,800 

333,700 

$2, 572, 500 
1,808,000 


13. Coal saved, per cent and 
tons 


67 

$5.00 
.01 


63 


64 


65 


Unit and total cost. 
14. Coet of coal and water^^. . 


15. Coet of electric energy. . 


' 














16. Excess cost of steam 


375,000 
1, 087, 000 

• 

142,200 
84,000 
51,000 


295,000 

1, 519, 000 

341,500 

218,000 

58,100 


94,500 
605,000 
136,100 
300,000 

17,400 


764,500 

3, 211, 000 

619,800 

602,000 


17. Locomotive mainte- 

nance, st^am fr 

18. Locomotive mainte- 

nance, electric * 

19a. Maintenance of distri- 
bution system 


.63 
.0823 
690.00 
.0007 

» 


$0,366 
.0623 


$0,366 
.0823 
400.00 
.0007 


$0,426 
.0823 


19b. Substation operation, 
and maintenance 


.0007 


.0007 


126,600 


20. Total cost, steam opera- 
tion 


2, 192, 000 
1,007,300 


2,644,000 
1, 447, 600 


947,500 
701,500 


5, 783, 500 
3, 156, 400 


21. Total cost, electric oper- 
ation 












2,346 


2,369 


1,118 


3, 619 


22. Excess cost, steam oper- 
ation 


1, 184, 700 


1, 196, 400 


246,000 


2, 627, 100 





a Includes ooot of fuel and water stations. 



h Inidudes engine-house expense. 



ANALYSIS OF DATA. 

The first nine items of Form C are taken from the replies of the railroads to the questions 
of Form A. Items 10 and 11 cover the kilowatt-hours used. 

The view here taken is that the steam locomotive is a machine doing useful work, which 
in freight service is represented by the gross weight of cars and contents multiplied by the 
distance moved — that is, the '^trailing ton-miles." In this service variations in speed are of 
little consequence. The total tonnage movement is here referred to as ''total ton-miles" or 
as ''trailing ton-miles plus locomotive ton-miles." 

The same procedure is followed in estimating the electric requirements — the electric 
locomotive is regarded as a machine substituted for the ^team locomotive to do the same 
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work. This procedure, however, does not lead to a direct statement of the saving in tonnage 
movement due to the smaller total weight of the electric locomotive as compared with that 
of the steam locomotive and tender. This difference, including for freight service the weight 
of the loaded tender and the part of the weight of the steam locomotive that is not on 
drivers,can be estimated separately ; it is approximately 8 to 13 per cent of the trailing ton-miles. 
This difference is considerable, but it is not of so great consequence as is sometimes assumed. 

In passenger service the work done is that of moving the loaded cars over a certain distance 
at a certain speed, and in this service the speed — the time consumed — ^is important. 

BNEBOY BBQTH&ED FOB EI.BCTBIC TBACTTIOV. 

The electric energy required for the railroads is determined from the records of lines already 
electrified, with proper allowance for variations in the conditions of operation, and from calcu- 
lations based on the profile and the alinement of the roads considered and the efficiency of their 
locomotive and distribution systems. 

The most extensive data available for lines already electrified are those of the New Haven 
road, which has installed wattmeters on its locomotives, keeps records of their individual per- 
formance, and classifies these records for the several kinds of service performed. This company 
also keeps daily records of the energy generated at its Coscob station and of that which it buys 
from the United Electric Light & Power Co. and the New York Central Railroad Co. Tables 
have been prepared by the New Haven company showing the enei^ used in slow-freight, 
local-freight, fast-freight, passenger, and multiple-unit service. 

Table 13 is a simmiary of the average operating results of the New Haven sjrstem for 1919, 
showing the input to the locomotive in kilowatt-hours per locomotive-mile, train-mile, trailing 
ton-mile, total ton-mile (including locomotive), and car-mile for fast, slow, local, and all freight 
service; for express, local, and all passenger service; and for multiple-imit service. These 
figures can be used with confidence for railroads operating under conditions similar to those of 
the New Haven, which do not differ materially from those of a number of the other roads in 
the superpower zone, particularly along the coast. In fixing the units of energy for the different 
operating divisions much weight is given to the results of the New Haven service, modified as 
required by the profile and alinement under examination. 



Table 13. — Eleetric energy tued by New Haven looomoHvea 


in 1919, in hilowattrhoun q 


/ loeomoUve inpuL 




PerlooamotiTe- 
mile. 


Pwtnin-mile. 


P«r 1 ,000 ton-mfles. 


FmcBMoSkb, 




Traflinf:. 


Traizi. 


Freight service: 

Fast 


26.0 
34.0 
36.1 


27.0 
42,7 
36.5 


24.6 
24.9 
42.6 


22.2 
23.1 
3H.2 


0. 8S 


Slow 


.93 


Local 


L52 






Averaee 


33.6 


40.0 

• 


2a 6 


24.6 


.9S 






PaflBenger ser vice : 

T*i^T>FfifB -r-,--r-^-,-r 


13.7 
17.6 


24.6 
26.1 


44.3 
76.6 


. 32.6 
61.4 


2.96 


Local 


3. 93 






A verafff> ,. , 


14.7 


26.1 


61.4 


37.0 


3. 21 






Mil Itinle- unit Bpr%'ic<* ,-,..,, 


1 

1 


17.4 


62.2 


62.2 


4. 2 


Yajxi Bwitctung 


12. 4 













Other records of electric energy for locomotive-drawn trains, both freight and passenger, 
are given in Table 14. The figures for the New Haven system in this table are referred to the 
substation output, an efficiency of 90 per cent being used for the distribution system. Those 
for Uie Chicago, Milwaukee & St. Paul are given on the authority of the electrical engineer of 
that road for the energy delivered to the substation, multiplied by 83 per cent as average 
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substatioa efficiency; those for the New* York CSentral Railroad were presented by th^ chief 
engineer of electric traction at the joint meeting of the American Institute of Electrical 
Engineers and the American Association of Mechanical Engineers October 22, 1920; those for 
the Pennsylvania Terminal are given in reports made to the superpower survey. All are 
reduced in Table 14 to the same point of reference — the substation output. 

Tabus 14. — Electric energy tuedfor loannoHve'-drttwn freigkt and paseenger trains, in kilotoaU-Kours ofmbetation output. 



New 

Havens 



Chlcaffp, 
MiiwrnStoe 



New York 
CeatraL 



Peonsyl- 

vania 
TennlDAl. 



Freifilit service : 

rer train-mile 

Per loc(Hnotive-mile 

Per thouBand ton-miles (trailing) 
Per thousand ton-miles (total). . . 
service: 

Per.tiain-mile. 

Per locomotive-mile 

Per thousand ton-miles (trailing) 

Per thousand ton-miles (total). . . 



44 
37 
29 
27 

28 
16 

57 

41 



33 
29 



30 



47 
33 



{ 



C40 
^26 



} 



32 
55 



a Energy at locomotive 1.17. 



» Substation input 0.83. 



c Average. 



< Mintmnm. 



The second method of determining electric energy required consists in calculating, from 
profile and alinement, the work due to normal train resistance and adding to this the net 
work done against gravity, plus the work due to curvature, plus the work due to accelera- 
tion. For example, on the profile shown in ^ ^^ 

figure 13, for eastbound movement it is y^^-^ " \* — ^*ti>cijrTtfr — ^S2L.o>% 

assumed that no power is required to descend ^ ^ — ' ' ^ — ^J—i 1 \e. 

the 0.6 per cent grade, but no credit is taken ^^^ i3.-Typicai railroad proiiie. 

for use of the kinetic energy accumulated at the bottom of this grade in ascending the next grade ; 
for westbound movement it is assumed that no power is required on the 0.3 per cent grade for 
freight service, but that the difference between 0.3 and 0.5 per cent is used for passenger service. 
The lifting work is taken as the sum of the separate lifts; the work against curvature is the sum 
of the products of degrees of curvature taken from the aUnement charts, multiplied by length of 
curve, and the unit resistance is taken at 0.8 pound per ton per degree. In freight service an 
acceleration from rest to 25 miles an hour and another from 10 to 25 miles an hour is assumed for 
each 10 miles. The sum of these elements gives the total work required at the rail to move a ton 
over the division considered. This process is carried through for movement in both directions, and 
the average of the two results is taken for the work required. This average divided by the 
efficiency from rail to substation input gives the watt-hours per ton-mile measured at the sub- 
station.. For divisions on which the traffic is greatly unbalanced separate estimates were made 
for the eastbound and westbound movements. 

Calculations made for a number of the operating divisions within the zone that differ most 
widely in grade and alinement show that the added resistance in freight service due to grade, 
curvature, and acceleration ranges from 0.5 to 10 pounds per ton. The maximum figure is that 
for the Jefferson division of the Erie, which includes a straight climb over a divide in both direc- 
tions. 

SWITCHER SBRVICB. 

The data of coal burned or energy required in switcher service are meager, consisting 
mainly of the results of a few tests recently made by the General Electric Co., of tests made by 
the Chicago Smoke Abatement Commission, and of tests made on the New Haven road. These 
tests show conclusively that the waste of coal in switcher service is great and that the actual 
work done by a switcher locomotive is smalL 
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The tests in Chicago were made at a number of busy yards, in heavy service, chosen as 

typical of the conditions there. The average results are as follows: 

Work done per locomotive^hour: 

Tndling ton-milee. . 1,000 

Total do.... 1,400 

Goal used per locomotive-hour pounds. . 824 

Mileage per locomotive-hour 3. 26 

Trailing load tons.. 306 

Coal per trailing ton-mile ^ pounds. - 0. 824 

Coal per locomotive-mile, actual do 255 

Coal per locomotive-mile, 6-mile basis * do 138 

Time in motion, per movement seconds. . 80 

Time of stop, per movement do 53 

Total time, per movement do 133 

Length of run, per movement feet. . 640 

From these data the following deductions are made : 

Average speed when moving miles per hour. . 5. 45 

Maximum speed (say) do 10 

{watt-hours per ton 2. 5 

watt-hours per ton-mile.. 21 

Energy required at rail for train resistance do. ... 16 

Total eneigy at rail do 37 

Total eneigy per locomotive-hour kilowatt-hours. . 52 

Coal burned per kUowatt-hour of work at rail pounds. . 16 

Efl&dency assumed, rail to substation per cent. . 63 

Energy required for substation input, per locomotive-hour kilowatt-hours. . 83 

The tests made at Erie by the General Electric Co. with a storage-battery locomotive 
weighing 43 tons on drivers gave an average of 50 watt-hours per ton-mile of total train weight 
(including locomotive) ; the range from the six days' tests was from 47.8 to 55.7 watt-hours. 
Similar tests with a steam switcher weighing 40 tons on drivers gave 1.47 pounds of coal per 
total ton-mile. That is, in similar service the coal equivalent of 1 kilowatt^hour input to motors 
was 29 pounds, and that of 1 kilowatt-hour at rails was 34 pounds. The corresponding figure 
for road service, given below, is 7.5 pounds. Switcher service involves a great waste of coal 
due to large stand-by losses. 

This 50 watt-hours per ton-mile is measured on the locomotive; referred to substation 
input it becomes 65 watt-hours per total ton-mile and 87 watt-hours per trailing ton-mile where 
25 per cent of the total train weight is in the locomotive. This is practically the same as the 
83 watt-hours per trailing ton-mile (83 kilowatt-hours per locomotive-hour) deduced above 
from the Chicago tests. 

The above figures are all in general accord with such data as have been published; some 
results, however, have indicated much lower figures — as low as 30 to 50 kilowatt-hours at the 
substation per locomotive-hour. 

GOAL SAVBD. 

The quantity of coal burned in a steam locomotive equivalent in work done to 1 kilowatt- 
hour delivered to an electric locomotive is estimated by the electrical engineer of the Baltimore 
& Ohio Raikoad at 7.5 pounds and by the electrical engineer of the Chicago, Milwaukee & 
St. Paul Railway at 8.4 pounds. A committee of the American Electrical RaUway Association 
has published data for a modem Mallet locomotive, with superheater, which makes the equivalent 
coal per kilowatt-hour with stand-by losses 7.5 pounds. The same authority elsewhere gives 
6.5 pounds as the equivalent of 1 kilowatt-hour at the power station, equal to 8.1 pounds per 
kilowatt-'hour at the locomotive. Other electrical authorities give materially larger figures — 
some as much as 12 pounds. The weight of expert opinion is, then, that not less than 7.5 pounds 
of coal is required to do the work of 1 kilowatt-hour at the locomotive. 

The approximate uniformity shown on the operating sheets (Form C) in the percentages 
of coal saved in the three services on the several roads by electric operation tends to confirm 
the validity of the figures taken for kilowatt-hours used (items 10 and 11, Form C); on the 

A standard method of expressing switching units is at 6 miles per looomotlTe-bour. 
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assumption that all the roads in the territory are fairlj well operated there 'should' be appi^i- 
mately the same percentage of saving of coal on each road in freight, passenger, and switcher 
service, respectively^. The performance of individual- steam locomotives of course differs 
md,terially, but that of groups only slightly. Tte operating sheetis show that the coal saved 16 • 
freight service is froni 50 to 70 per Cent. For passenger service the saving is from 65 to 75 
per cent, in general somewhat higher than for freight service, as woiild be expected, inasmuch 
as the freight locomotives arfe more closely proJ)ortioned to their work than passenger loco- 
motives. Similarly the saving in switcher service Is from 70 to 86 per cent,'and this also is 
consistent, inasmuch as the switchers-operate under the wo^t conditions. ' 

BFPiCIENCY. 

The power and the losses Hn the several parts of the direct-current system from substation 
input to rail for average load ctre taken as — ^ 

Percent. .-» 

. Subetation input 100 

Subfitation output ". 1 '. 85 

Distribution efficiency : 90 

Input to locomotive ' 76. 5 

Efficiency of locomotive : . . . ; 82. 5 

Output of locomotive 63 

Under these conditions a freight train with a resistance of 6 pounds per ton would require 
19 watt-hours per ton-mile, and a passenger train at 10 poimds per ton would require 32 
watt-hours per ton-mile. ' 

BQXnVALBNT COAL. 

Item 12 on Form C, ''equivalent coal, '' is uniformly taken at 2 pounds per kilowatt-hour 
for energy delivered at the substation. All losses of energy in transmission and ccmversion 
from the power station to the substation are included in this figure. If 1.5 poimds per kilo- 
watt-hour is the average for coal used in superpower stations, then the assumption of 2 pounds 
per. kilowatt-hour at the substation means an efficiency of only 75 'per cent from substation 
input to power house. This is low — ^80 to 85 per cent is more nearly correct. The '' equivalent " 
coal is given only to show the percentage of coal that would be saved under electric operation; 
it does not enter into the comparative cost?. 

COST OF COAIu 

Item 14 covers the total estimated cost of coal at the railroad's fuel stations, including 
freight on home lines, plus the estimated cost of operating and maintaining the fuel and water 
stations, prorated per ton to the total coal used. 

Only one or two of the replies from the railroads included freight on home lines. In this 
analysis the cost of delivering coal to points in the superpower zone has been determined from 
a base mine cost of $2.90 a ton for 1919. The cost of the coal delivered as thus determined is 
substantially the same as the cost reported by the railroad companies, after allowance for 
freight on home lines. In order to make the costs justly comparable throughout a unit price 
was adopted for railroad coal for each section; the coat per ton as thus fixed for the several 
sections of the zone is $5, $5.50, and $6 for the south, central, and north sections, respectively. 
These costs include the prorated cost of fuel and water stations. The uniform base mine price 
used affords a truer comparison of steam and electric operation than the variable figures of the 
railroad companies. 

COST OF EUSCTBIC BNSBGY. 

It is assumed that the railroads will purchase energy delivered at high pressure at sub- 
stations on or near the railroad right of way, at the flat rate of 1 cent per kilowatt-hour. This 
price includes the total cost of generating and transforming electric energy and transmitting it 
to the railroad' substations, with profit to the supplier. 

No estimate is made of the maximum power required for the service, except in so far as 
it is involved in the determination of the substation capacity and the feeder capacity, for as 

63361 •—21 5 
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the cost of energy is figured at a flat rate per kilowattrhour the maxima to be provided do not 
enter into this item. 

Similarly, no definite ratio has been assigned to the eastbound and westbound traffic; in 
general this ratio is similar for most of the roads in the zone. Where the profiles indicate that 
greater work is required in one direction than in the other this difference has been taken into 
consideration in the allocation of energy. All estimated figures here given are assumed averages 
and would of course have to be modified for each division by detailed study. 

The load factor of the several, divisions will be between 40 and 60 per cent, and 50 to 53 
per cent may be taken as the average for unified operation. 



ICAIN 



OF STBAK L00OX0TZVB8. 



Item 17 of Form Cis the cost of steam-locomotive maintenance as reported by the railroads, 
plus engine-house expense, prorated to the locomotive-mile. This item is the one affected most 
by electrification. The saving in maintenance by the electric locomotive is from two to five 
times the saving in coal; and this difference accounts for 50 to 100 per cent of the net saving 
made by electric traction. 

Table 15 gives the cost of steam-locomotive maintenance for the principal systems in the 
superpower zone for 1919; the amounts included are Interstate Commerce Commission accounts 
No. 308; locomotive repairs, and Nos. 388 and 400, engine-house expenses for yard and train 
locomotives. These costs are reduced to the cost per locomotive-mile by taking as divisor the 
total mileage. From this result and the average weight of locomotive on drivers the sum of the 
cost of repairs and engine-house expense is prorated to the cost per locomotive-mile for 100 tons 
on drivers. 

Table 15. — Cost of mairUenanee of steam locomotives for 1919. 



Bysttm 



Boston A Maine 

New York. New Haven & 

Hartfora 

Central New England 

New York Central 

Delaware & Hudson 

Lehigh & New En^Uuid.. 
Lehigh & Hudson River. 

Erie 

Delaware, lAckawanna & 

Western 

Lehigh Valley 

Centnd of New Jersey 

Pennsylvania 

Philadelphia & Reading. 



Average 
weight 

on 
diivera 
(tons). 



80.9 

63.9 
68.6 
86.5 
89.2 
74.2 
76.3 
90.4 

77.9 

85.6 

72.9 

83.53 

78.3 



80.76 



Distance 
traveled 
(thousands 
of loco 
motive- 
miles). 



24,592 

23, 071 
1,844 

91, 313 

11, 015 

1,212 

767 

26,078 

19,263 
17,883 
12,289 
112, 595 
22,164 



364,086 



Interstate Commeroe Commisslan accounts. 



Repairs (No. 308). 



Per loco- 
motive- 

mile 
(cents). 



25.33 

29.9 

3L23 

2L15 

32.6 

27.8 

27.8 

45.6 

26.9 
40.6 
29.2 
38.6 
32.6 



3L8 



Perlooo- 

motlve- 

year. 



15,562 

6,110 
7,578 
5,203 
7,319 
5,521 
4,267 
9,790 

6,836 
7, 126 
6,210 
9,216 
6,853 



7,246 



Engine-house 

expense (Nos. 388 

and 400). 



Per loco- 
motive- 
mile 
(cents). 



8.66 

n.02 
10.37 
8.55 
12.22 
7.82 
8.77 
9.65 

9.45 
8.75 
6.24 
6.85 
8.93 



Perlooo- 
motive- 



8.39 



$1,904 

2,253 
2,540 
2,103 
1,832 
1,554 
1,345 
2,070 

2,401 
1,537 
1,328 
1,634 
1,879 



1,911 



Total cost. 



Actual. 



Per loco- 
motive- 
mile 
(cents). 



33.99 

40.92 
4L60 
29.70 
44.82 
35.62 
36.57 
55.25 

46.35 
99.35 
4L60 
45.45 
3L53 



40.19 



Per loco- 
motive- 
year. 



17,466 

8,363 
10, 118 
7,306 
9,151 
7,075 
5,612 
11,860 

9,237 
8,663 
7,538 
10,850 
8,732 



9,157 



Prorated to 100 tons 
on drivers. 



Per loco- 
motive- 
mile 
(cents). 



55.63 

64.05 
60.65 
34 28 
50.20 
48.05 
47.94 
6L19 

46.62 
57.62 
48.55 
54.60 
53.00 



49.80 



Perlooo- 
motive- 



$12,263 

13, 210 

14,755 
8,433 

10,269 
9,545 
7,362 

13,126 

11,855 
10, 115 
10,339 
12,983 
11, 152 



11, 310 



Table 16 gives similar data for the New York Central, Pennsylvania, Reading, New 
Haven, and Erie systems for 1911 to 1919. The weighted average is given for the years 1911 
to 1915, inclusive, a period during which there was practically no variation in these unit costs. 

It is difficult to find a satisfactory explanation of the great variations in these figures among 
the different systems ; the division of total cost between repairs and engine-house expense differs 
somewhat, certain roads throwing more of the work on the engine house ; but the sum of the two 
items is still widely divei^ent. There is no difference in the kind of service to which the loco- 
motives are put that will account for these marked variations. 
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Table 16. — CoH of maintenanee o/tteam looomoUvea/or 1912-1919. 



New York Centnl: 

1911-1915 

1916 

1917 

1918 

1919 

PennBylvania: 

1911-1915 

1916 

1917 

1918 

1919 

Philadelphia & Reading: 

1911-1915 

1916 

1917 

1918 

1919 

New York. New Haven & 
Hartfonl: 

1911-1915 

1916 

1917 

1918 

1919 

£rie: 

1911-1915 

1916 

1917 

1918 

1919..". 



ATwmn 

on 
drivors 
(tons). 



75.36 
82.24 
83.00 
85.60 
86.50 

75.85 

83.4 

87.6 

90.4 

91.0 

62.92 

70.83 

73.20 

75.4 

78.3 



50.7 
55.6 
57.5 
61.4 
63.9 

74.1 
82.3 
87.6 
90.0 
90.2 



Interstate CommMee Comminlon aooonnts. 



Distance 
traveled 

(thoa- 

sandaof 

looomo- 

tlve- 

mfles). 



66y 356 
108,626 
106,403 
100, 576 

91, 313 

94,142 
105,522 
106,638 
122,965 
112, 595 

24,631 
27,422 
28,126 
27,080 
22,164 



27,027 
27,495 
26,099 
24,784 
23,071 

28,768 
31, 621 
29,903 
29,316 
26,078 



Repairs (No. 308). 



Perlooo- 

motlve* 

mile 

(onte). 



9.04 

7.6 

10.0 

17.59 

21.15 

12.7 

13.1 

17.6 

32.88 

38.62 

11.69 
12.28 
17.85 
28.17 
32.6 



9.6 
9.98 
14.0 
30.85 
29.9 

11.21 

15.65 

24.20 

45.3 

45.6 



Per loco- 
motive- 
year. 



$2,460 
2,421 
3,051 
4,689 
5,195 

3,221 
3,478 
4,620 
8,960 
9,175 

2,886 
3,397 
4,993 
7,423 
6,853 



2,171 
2,272 
3,160 
6,400 
6,110 

2,430 
3,765 
5,400 
9,950 
9,790 



Bngine-hoose 

expense (Nos. 388 

and 400). 



Perlooo- 
motive- 

mile 
(cents). 



3.1 

3.06 

4.07 

7.30 

8.54 

2.8 
2.6 
3.4 
3.7 
6.8 

3.04 
3.19 
4.14 
7.50 
8.93 



3.00 
3.61 
4.77 
8.99 
11.04 

3.45 
3.90 
6.11 
11.75 
9.65 



Per loco- 
motive- 
year. 



$849 

972 

1,241 

1,947 

2,100 

710 

687 

899 

1,784 

1,627 

750 

883 

1,156 

1,975 

1,879 



681 

822 

1,078 

1,861 

2,253 

749 

936 

1,360 

2,582 

2,070 



Total cost. 



Actual. 



Per loco- 
motive- 
mile 
(cente). 



12.14 
10.66 
14.07 
24.89 
29.69 

15.50 
15.70 
20.90 
36.58 
45.42 

14.73 
15.47 
21.99 
35.67 
41.53 



12.60 
13.59 
18.77 
39.84 
40.94 

14.66 
19.55 
30.31 
57.05 
55.25 



Per loco- 
motive- 
year. 



13,309 
3,393 
4,292 
6,636 
7,295 

3,931 

4,165 

5,519 

10,744 

10,802 

3,636 
4,280 
6,149 
9,398 
8,732 



2,853 
3,094 
4,238 
8,261 
8,363 

3,179 

4,701 

6,760 

12,532 

11,860 



Prorated to 100 tons 
on drivers. 



Per loco- 
motive- 
mile 
(cents). 



16.11 
12.96 
16.83 
29.08 
34.32 

20.44 
18.82 
23.86 
40.46 
49.91 

23.41 
2L84 
30.04 
47.31 
53.04 



24.85 
24.44 
32.64 
64.88 
64.07 

19.78 
23.75 
34.60 
63.39 
61.25 



Per loco- 
motive 
year. 



14,391 
4,126 
5,134 
7,752 
8,434 

5,183 

4,994 

6,300 

11,885 

11, 870 

5,779 

6,043 

8,400 

12,464 

11,152 



5,625 

5,565 

7,370 

13,454 

13,088 

4,290 

5,712 

7,717 

13,924 

3,1481 



MAINTBNAHGB OV BI^BCTBIC LOCOMOTIVES. 

Item 18 of Form C, cost of maintenance of direct-current locomotives^ is taken miiformly 
at 10 cents per locomotive-mile per 100 tons on drivers. Actual costs are shown in Table 17 for 
ail direct-current railroads in the United States for 1919, and in Table 18 for all grouped, with 
the weighted average, for 1913-1919. The base cost, as stated above, is applied for each road 
to the same average weight pn drivers as that of the steam locomotives of the road. 

Table 17.— Cosf of mainlerumoe of direet-cwrrerU electric locomotives, 1919. 





Number of 
locomo- 
tives. 


Avermge 

weight on 

drivers 

(tons). 


Distance 
traveled 
(locomotive- 
miles). 

9 


Cost. 


System. 


Actual. 


Prorated to 100 tons 
on drivers. 




V 

Total. 


Per 

locomotive' 

mile 

(eents). 


Per 

tooomofcive- 

year.. 


Per 
locomotive- 
mile 
(cents). 


Per 

locemotive- 

year. 


Baltimore A Ohio r--r r-.- 


8 
28 
46 
.10 
73 
3L 


88 

81 

225 

108 

92 

• loa 


214, 400 
565,600 

2, 181, 200 
245,500 

1. 940. 900 


. $24,600 

36,700 

340,200 

34,600 
^9A inn 


, 11.47 

6.49 

15.59 

14.10 

6.41 

16.71 


13.076 
1,312 
7,394 
.3, 462 
1,704 
7,266 


13.02 
8.01 
6.93 

13.05 
7.00 

16.30 


$3,491 
1,619 
3,286 
3,205 
1,862 
7, 088 


Butte, Anaconda & Pacific 

Ofaicago, Milwaukee & St Paul 
Miohifiwi ^^e^tj^ - t - r - , r 


New ybrk Central 


Pennsylvania Terminal 


1,348,000 225,300 


r 


196 


124 


6, 495, 600 785, 800 


12.10 


4,009 


9.77 


3,238 
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Tablb 18. — Co$i ofmainUnQnce of dutctrewreni deebricioeomoHvw, 


192S-1919. 




Year. 


Total dUUooe 

traveled 

(locomotive- 

miles). 


Cost per loco- 

motm-mUe 

perlOO tons on 

drivers (cents). 


1M3.'....... 


, 1 
J 




2,422,800- 
3, 678, 200 
3,808,800 
5, 662, 600 
6,797,000 
6, 431, 600 
6, 495, 700 


5.83 


1914 


F , 




5.42 


1915 


5.44 


1916 


4.50 


1M7. 


• » 




5.89 


191S 


1 




7.66 


1919 


• 




9.77 







DISTBIBTrnO^ SYSTBH. 

Item 19, Form C, maintenance of the electric diBtribution system, is taken at $600 per mile 
for main track and $400 per mile for yard track. These figures are based on the operating costs 
of certain electric roads and on a consideration of the usual maintenance costs of works of 
similar construction. Although $600 per mile of main track may seem low, it is probably not 
low if applied to a widespread system imder unified control of both inspection and maintenance. 

HAINTSNANCB OF ST7B8TATIONS. 

Item 19b, Form C, cost of operation and maintenance of substations, is based on $1.50 
per kilowatt per year of capacity, giving 0.7 mill per kilowatt-hour for a capacity factor of 25 
per cent. This is adequate for stations of the size required in a unified system for the entire 
zone. 

SAVING IN WAGES OF TRAIN CBBWS. 

Item 22 gives the excess cost for steam service as compared with electric service without 
allowance for saving in crew wages. Few data are available to show the amount of such saving, 
but those that are available indicate that it will be considerable. In the Butte, Anaconda & 
Pacific freight service there has been a decrease in crew time of 29 per cent per ton-mile and a 
simultaneous increase in tonnage moved of 35 per cent, together equivalent to a decrease of 47 
per cent in crew wages. On the Chicago, Milwaukee & St. Paul there has been an average 
decrease of 25 per cent in crew time and an increase of 30 per cent in tonnage moved, together 
equivalent to a decrease of 42 per cent in crew wages. On the Norfolk & Western two electric 
locomotives pull the same train as three Mallets at double the speed, making an output per 
locomotive-hour three times as great and a consequent saving in crew wages of 67 per cent. 
The reason for this reduction in crew wages per ton-mile is clear: if a steam locomotive pulls a 
train 100 miles in 10 hours and an electric locomotive pulls it 100 miles in 8 hours, the use of the 
electric locomotive will save 33 per cent in crew wages (as 2 hours of the 10 would be paid for 
at double-time rates) ; and if the train pulled by the electric locomotive is 25 per cent heavier, 
the saving in wages will be 46 per cent. Such a saving is easily made. 

It is not yet possible to determine exactly the manner in which traffic within the superpower 
zone will be handled, but it is conservatively assumed that there will be an increase in ton- 
miles per electric locomotive-hour of 33 per cent and a consequent reduction in crew wages 
per ton-mile of 25 per cent. 

Table 19 shows for 1919 the crew wages in freight service per thousand ton-miles for the 
principal systems in the zone, the tonnage moved, and the saving due to an increase of 33 per 
cent in output; this saving averages 10 cents per thousand ton-miles. Applied at this rate the 
saving on the entire freight traffic of the zone in 1919 would have been $9,560,000. 

For passenger service no data are at hand; a general consideration of the subject does not 
indicate a material saving in crew wages, and therefore none is assumed. 

In switcher service t^e advantages of the electric locomotive in its quicker acceleration 
and quicker initial start are far-reaching. Tests made by the General Electric Co. at Erie 
show a movement per hour for the electric switcher of 1,000 trailing ton-miles as against 250 for 
a steam switcher of the same weight on drivers. The experience at the Oak Point yard of the 
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New Haven road proves that the- relative OHtpiit per locomotive-hour is more than 2 to 1. In 
view of these, facts and of the characteristics qf the machines, it is estlmatecl that the electric 
switcher will do 30 per pent morp work per hoi^ than the steam swjtcher, ^d t^yat Qonsequei^t^y 
the wage account for the si^mq total service will be reduced by 33 per cenjt, ,, * , 

Tab]e 19 shows that the average wages per switchei:-mi|e in the superp^yer zoi^et are $0,60,. 
The saving will then be $0,20 per mile,, and the total saving in yrages, fpr.tHet entire switc^^^" 
traffic in the zone in, 1919 (56,536,000. mi^es) would haye b^en $11,31Q,090; t,h]^^]j3 ^eater than 
the saving ia freight seryice. . , 

'Tablb19. — Analytic a/ crew ivageg for freight aruittuiUiherser^^ 



^ '■ 7 > ' 1 



f » 



( ) 



System. 






f 



Boston & Maine 

Boston & Albany 

New- York, New Haven & Hartford and Central 

New England 

New York Central 

Delaware & Hudson. >.;... •* 

Lehigh & Hudson River 

Erie : ; 



Delaware, Lackawanna A Western. 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading.' 

Baltimore & Ohio 



, , Freight service. 



Wages per 

tUoQsBnd 

ton-miles. 



10.40 
.42 

.55 

.27 

;85 



.29 
.31 
.50 
.50 
.38 
.49 
.42 



Train 
movement 
- (millions 

of 
ton^miles). 



6,600 
3,266 

8,183 

10, 914 

5,650 



5,707 
6,200 
5,093 
4, '400 
22,545 
10,900 
3,380 



92, 838 



Saving in 

wages under 

electric 

operation 
(35 per cent). 



$660,000 
343,000 

1, 130, 000 
738,000 
495,000 



415,000 
481,000 
635,000 
550,000 
2, 140, 000 
1, 330, 000 
355,000 



9, 272, 000 



Switcher, servlpe,^ . 



Wages per 

Bwiidier- 

mile. 



10.60 
.45 
.69 



.58 
.57 
.57 
.61 
.68 



• Train 
movement 
(thousands 
ofswitcher- 
milBs). 



4,900 
5,086 
1,143' 



5i200 
3,480 
3,000 
14,024 
X 763 



-r^ 



Saving in 
wages under 
eMctrlo' ' 

operation 
(Sa percent). 



'»••* \" 



$980,000 
760,000 
265,000 



620,000 

660,000 

5tO, 000 

2, 850; 000 

1, 760, 000 



42, 596 



8, 465, 000 



Average wage saying per thousand ton-milee, 10 cents; per switcher-mile, 20 cents. 

CONSTRTJCnON COSTS. 

Form .D gives the cost of electric equipment necessary to make the savings shown on 

Form C. I . 

Form D. 



> * 



Cost of catenary tyitem and electric equipment, Jf. dc N. tyBtem, 22. diviaion. 



(1) Catenary syBteni: 

a) Single track 

6) Double track. ^ . . . 

cj Three-track 

) Four- track 

e) Yards and sidings 

Total 



(2) 




(3) Substations kildwatts. . 

(4) Locomotives: 



a) Freight... 
h) Passenger. 



(5) 



(c) Switcher. 
Total. 



Sum of specified items, 
for unspecified ite 
Overhead, 20 per cent of (6). 



(7) Allowance for unspecified items, 10 per cent of (6) 

(8) - - - 



(9) 



Total gross cost. 



(10) Credit for released steam locomotives 

(11) Netcost 



Miles. 



Coet. 



$2, 013, 000 

1, 700, 000 

291,000 

1, 625, 000 

1, 658, 000 



Oapaeity. 
82,100 

43 
55 
41 



139 



Total tonnage. 
30,300 



$7, 287, 000 
4, 926, 000 



3,440,000 
4, 576, 000 
2, 657, 000 



10, 673, 000 

22, 886, 000 
2,288,600 
4, 577, 200 

29, 751, 800 

fl 6, 060, 000 
23, 691, 800 



a Present value. 
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0O8T OF CATBHABT 8T8TBX. 

The estimates of cost of the overhead structure assume the use of cross-catenary construc- 
tion, with guyed tubular steel poles, main and secondary steel-strand messengers, two 4/0 
copper contact wires, concrete foimdations for all poles, and high-strength steel strand. Rails 
to be single-bonded with 300,000 circular mil bond; a 4/0 copper ground wire to be carried on 
the pole top. Poles all to carry tops and two cross arms, eadi with two pins. 

The estimates of cost for this structure, based on prices in 1919, are derived from detailed 
estimates submitted by the Oeneral Electric Co., the Westinghouse Electric & Manufacturing 
Co., and the Ohio Brass Co. These estimates were for single, two, three, and four track line; 
for tangent, 2®, 4°, 6®, and 8*^ curvatiu*e; for yard track; and for branch lines. The estimates 
of the Ohio Brass Co. in particular give the quantities and prices of all items in complete detail. 

These estimates have been carefully analyzed and checked up by comparison with the 
estimates of the Chicago Smoke Abatement Commission's report; they have also been submitted 
for criticism to engineers particularly versed in work of this class. 

The estimates show good general agreement. Those of the Westinghouse Co. were slightly 
lower than those of the Oeneral Electric Co.; those of the Ohio Brass Co. were the highest. 
The costs given in the Chicago report, extended to the prices in 1919, are about the same as 
those of the General Electric Co. 

The final costs determined for the 3,000-volt system are given in Table 20/which includes 
all costs of labor and material for the circuit outside of the substation for an average assumed 
alinement. The cost of the feeders is shown separately, the figures being taken from Table 
24 below. Table 21 gives unit prices and quantities. 

Table 20. — EktimaUd cost of crosi-ocUenary eonBtnteUonj vnth guyed iteel polUj for S^OOO-voU direet-cwrtrU gyttem. 





Sise of feeder 
(drooler mile). 


Coet. 


NombaroftraelB. 

• 


Cmtenery 
etruetara. 


Feeder. 


Totei. 


One... 


500,000 
1,000,000 
1,250,000 
1,500,000 
1,500,000 


19,300 
20,900 
27,000 
32,500 
38,000 


f2,200 
4,100 
5,300 
6,200 
6,200 


$11,500 


Two 


25,000 


Three 


32,300 


Four 


33,700 


Five 


44,200 









Par track mOe. 










Yaid tracks 




17,500 




$7,500 








▼ ■ ? ^^^r-w 



Tabls 21.— Quontittef and unit prieeM/or double-track S^OOO-voU direct-eurrent crou-oatenary tangent, SOO-foot epan. 



Item. 



Steel poles, guys, etc 

Concrete 

Excavatian 

Contact wires 

GrosBspan, complete 

Messenger span, complete 

Work train, crew expenses 

Labor for erection (exceot bond) 

Bonds, labor and materiu 

Steel strand, #-inch 

Steel strand, f-inch 

Labor: 

Foremen 

Linemen 

Helpers 



Unit prices. 



7 cents per pound, 
^ara 



$20per yi 

$2 per yard 

23 cents per pound , 

$71 per span 

$55 per span 



8 cents per foot. 
3 cents per foot. 



$8.00 per day. 
$6.00 per day. 
$4.50 per day. 



Per mile of line. 



Qnentity. 



30 tons 

130 yards 

500jrard8 

13, 500 pounds. 

17.6 8pc£i8 

35.2 spans 



Coet. 



$4,200 
2,600 
1,000 
3.110 
i;250 
1,940 
600 
2,400 
1,400 
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The figures given in these tables are probably high, for wh«DL constmction of this magni- 
tude is undertaken all materials will be furnished at wholesale prices and the work will be 
systematized as a large-scale job. Moreover, there is no doubt that a simpler design can be 
made, which will save weight and cost through t)ie use of higher-grade materials for certain 
parts of the structure. 

COST OF ST7B8TATION8. 

It being impracticable to lay out load curves for the several operating divisions, the sub- 
station capacity necessary (see item 3, Form D) has been based on an analysis of existing in- 
stallations. The '' capacity factor '' — that is, the ratio of average annual output to total equip- 
ment capacity in present railroad substations — is used as the basis for determining the capa- 
city of the proposed railroad substations within the zone. 

Table 22, compiled from data of nearly all the electrified heavy-traction roads, shows that 
for a total use of 486,000,000 kilowatt-hours per year on eight roads there is a total substation 
capacity of 248,500 kilowatts, giving a ratio of average load to rated capacity of 22 per cent. 
For all the roads except the Long Island this ratio is singularly uniform, being within the 
limits of 21 to 26 per cent. * 

Tablx 22. — Average energif output of heavif4raetion BubttaHom per kUowaU o/eapaeity. 



System. 



Ontpat 
(mimons 

of 
kflowitt- 

taoura). 



Total 
sob- 
station 
capacity 
(Uowatto) 



Kilowatt- 
hours per 
kilowatt 

or 
capacity. 



New York Gentna 

Longldand 

New Haven 

WestJecBey ABesflhore 

Pemwylvania (Philadelphia-PtMiU line) 
Chicago, Milwaukee & St. Paul: 

Rocky Mountain division 

Mianula division 

Pennsylvania Terminal 



97 
76 
86 
24 
24 

66 
60 
54 



45,000 
56,000 
40,000 
12,000 
12,000 

29,000 
90,500 
24,000 



2,150 
1,360 
2,130 
2,000 
2,000 

2,270 
1,970 
2,250 



486 



248, 500 Av. 1, 960 



Plant capacity factor, 22 per cent. 

Some of these roads have a lower traffic density than those of the superpower zone, par- 
ticularly than those in the vicinity of the large cities, where yard service is heavy. To make 
some allowance for this condition a ratio of 25 per cent is taken as applying to the entire zone. 
The total substation capacity for any division is then obtained by dividing the estimated kilo- 
watt-hours required for the service by 2,200. Peak loads will be taken care of by the overload 
capacity of 50 per cent for two hours and 200 per cent for five minutes. 

The load factor of the individual substations will range from 15 to 60 per cent; neverthe- 
less, owing to the variation of traffic throughout the year and the diversity between the various 
substation loads, the capacity should be based on a factor of 25 per cent. 

A consideration of the power required for maximum trains and feeder capacity for the 
3,000-volt direct-current system indicates an average spacing of substations of about 20 mUes. 
This distance will vary for the different divisions, but this factor does not influence the esti- 
mates of cost for the substation, as they are based on a unit price. 

The items that make up the unit price used in the estimate are given in Table 23. This 
price is based on large substations, having from three to ten motor-generator sets of 2,500 
kilowatts or greater. The figures are derived from estimates submitted by the General Electric 
Co. and the Westinghouse Co. 

Tablb 23. — EetimaUd cost per kilowatt ofS^OOO-voU direet^wrrent tuhHoHoiu 

Motor-generator sets, including exciters 930 

Transformers (110-kilovolt) 8 

Switchboards (two llC-ldlovolt incoming lines) 10 

8 



Building 

Freight and installation. 
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. , COST OF 3,000-VOLT DXB3BCX-CUBBXNT FBBPEBS. 

The size ot the directK^urrent feeders is based on a maximum pressure drop of 20 per cent, 
equal to 6A0 volts, for a train requiring 4,800 kilowatts halfway between substations, drawing 
l,000;amperee from each substation. The following assumptions are made: Running rails, lOO 
pounds, with 300,000 circular mil bonds; resistance per mile of track, 0.03 ohm; two 4/0 
copper trolley wires. 

These data give the basis for the following table, which shows the feeder capacity required 
under average conditions and the cost per mile for the feeders erected. 

Table 24. — CapacUy and coH o/feeden. 




Single-track 

Tw6-track 

Three-track 

Four-track 



Cost per 

mile. 



500.000 
1,000,000 
1,250,000 
1,500,000 



$2,200 
4,100 
5,300 
6,200 



COST OF BI^BCTBIO LOOOMOTIVSS. 

. Item 4, Form D, gives the number and cost of electric locomotives required. The number 
called for is based on an annual mileage of 40,000 for freight, 75,000 for passenger, and 40,000 
for switcher locomotives. The cost of the electric locomotives is based on estimates made by 
the General Electric Co. and the Westinghouse Co. for freight, passenger, and si^/jtcher service 
in 1919. These estimates are stated in cost per pound for the three classes; they are substan- 
tially the same for both companies for locomotives of the same kind. The unit costs used are 
40 cents per pound of total weight for freight locomotives and switchers and 45 cents for pas- 
senger locomotives, equivalent to $800 per ton on drivers for freight locomotives and switchers 
and (1,300 per ton on drivers for passenger locomotives. The total weight on drivers of the 
electric locomotiv-es is the product of their number by the average weight on drivers of the 
steam locomotives on the division. ... 

iniKBEB OF EUBCTBIO LOCOMOTIVES BEQXJIRBB. 

The electric service covered by the estimates is the power equivalent of the present steam 
service in the zone. The year 1919 is taken for comparison, as it is the latest complete calendar 
year before the beginning of this investigation. The number of electric locomotives required 
for the service should in the final analysis be determined by a study of train movements on each 
division. This study was impracticable in the present investigation, and therefore a shorter 
method had to be used. The plan followed was to determine the average number of miles per 
year per electric locomotive required for freight, passenger, and switcher service. This 
average mileage was determined by comparing the mileage records of the electric locomotives 
in certain operating electric systems in the United States with the mileage records of the steam 
locomotives in the zone. To show why the electric locomotive gives the greater mileage, a dis- 
tribution of locomotive-hours for" electric service was deduced from that of the present steam 
service by modifying it to accord with the proved fact of the greater availability of the electric 
locomotive. This procedure fixed the same number of miles per year in each class of service for 
the entire zone; conditions of unified operation are thus implied. This leads to some irr^^- 
larities in, the proportional number of steam and electric locomotives on certain of the smidler 
roads, but the figures are intended as averages, not to apply exactly to each operating divisiou. 
These smaller roads will represent less than 10 per cent of the traflSc. 

The assignment of the same locomotive mileage to the single-track roads. with low traffic 
density as to the divisions having denser traffic is not strictly correct; the great variation in 
annual mileage of the steam locomotives of these divisions reflects the differences in traffic con- 
ditions. In order to make some allowance for the light-traflSc divisions the Tninimi iTn number 
of electric locomotives for each division is fixed at 50 per cent of the corresponding number of 
steam locomotives, even if the number based on mileage is less than 50 per cent. 
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Table 25 gives the steam mileage for 1919 of the freight and passenger service on the prin- 
cipal systems. Table 26 gives^the available, statistics on annual mileage of electric locomotives; 
the average for freight service is approximately 40,000 miles. The only extensive system that 
keepS' records separately for passenger service is the New Haven, with a mileage of 73,000; this 
mileage can be increased with cofnplete electric operation. The New York Central an<J the 
Pennsylvania Tunnel & Terminal are operating a short-haul service which gives no opportunity 
to make great mileage. 



Table 26.— 



Average stecmv-looomotive mileage of principal eyetems in superpower zani, 1919. 
[Baaed on total nimber of locomotivos owned.] 



System. 



New Haven 

New York Central 

Delaware & Hudflon 

Lehigh & Hudson River. 
Erie 



Delaware, Lackawanna A Western 

Lehigh Valley 

Central of New Jersey 

Pennsylvania, eastern lines 

Philaaelphia & Reading 

Baltimore A Ohio 



Average. 



Frelgbt. Passenger. 



15,200 
17,300 
20,600 
13,400 
18,900 
22,800 
14,700 
16,600 
19,900 
21,800 
16,600 



18,000 



30,500 
34,500 
30,500 
24,100 
30,000 
39,000 
30, 500 
26,200 
42,500 
33,500 
38,000 



82; 700 



li 



Table 26. — Average annual fnUeage. of electric looomotivea. 
[Based on total number of locomotives owned.] . 



System. 



New Haven 

New York Central 

Pennsylvania (New York Terminal). 

Norfotk & W«tem '. 

Butte, Anaconda & Pacific 

Chicago, Milwaukee & St. Paul 



Freight. 



33,500 



49,000 
43,500 



Passenger. 



73,000 
34,500 
89,300 



AU. 



65,000. 

34,500 

39,300 

49,000 

43,500 

49,000 



LOCOHOnVB-HOXTBB. 

Records of the distribution of locomotive-hours for a number of the roads within the 
superpower zone are available, particularly those of the Pennsylvania, of which eight operating 
divisions are' included within the zone; they reflect the entire range of service, from the heaviest 
traffic on the New York division to the light traffic of the West Jersey & Seashore and Sunbury 
divisions. The Pennsylvania is taken as an example of the best average operating results. _ 

The statistics of the operations of the Pennsylvania system for 1919 within the superpower 
zone are given in Table 27, which sets forth the proportion of the time of all serviceable loco- 
motives and of all assigned locomotives, in accordance with the schedule of time specified by 
the United -States Railroad Administration in its '^Operating statistics sheets." Item 1 of 
the table ijiclud^ items 1 and 2 of the operating statistics, sheets and represents the total time 
that locomotives are in ''hands of crew," including tizne. between tennini, time waiting at 
termini, and time to and from engine house. From 90 to 95 per cent of this is productive 
time — that is, time between termini. Item 2a represents time required for cleaning fires, 
washing boilers, ash-pit work, inspection, running repairs, etc. Item 2b represents time spent 
in waiting at engine house for call to service after maintenance forces have delivered locomotive 
to transportation forces. All this is wasted time. Item 3 giv^ the total time in the engine 
house, the sum of 2a and 2b. Item 4 (''stored hours") represents surplus equipment for which 
there is no call. Item 5 shows the total serviceable hours taken both as 100 per cent and as a 
percentage of total assigned locomotive hours. The differences between 100 per cent and 71, 
69, and 80 per cent give for the three services respectively the proportion of total time in the 
shops under general repairs or awaiting such repairs. 
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Table 27. —Average dutribution of locomoHve-houn in 1919 on all diviiions of the Penntiflvania e^ttem toUhin the mper^ 

power tone, in per cent. 



Itom. 


8«nrJfleabl6 loeaniotiv«>hoon. 


ToUl IcoamoOvt'boaTa. 


Frai^t. 


Pmssb^v* 


Bwitebir. 


Fnlght. 


^TvIBBBKIHBk • 


Swttd^. 


1. Crew-hofOTB 


47 

31 
17 


39 

37 
22 

59 
2 


61 

18 
18 


33 

22 

12 


27 

26 
15 


49 


2. Engine house: 

(a) Mechani<!a] department 


14 


(h) Tranipportation depfirtment 


16 






3. Total enfrine-honse time (2a4-2b) 


48 
5 


36 
3 


34 

4 


41 
1 


29 


4. Stored houn 


2 






5. Total nervioeable hoiiTB. « ^ 


100 


100 


100 


71 


69 


80 







The average utilization of the locomotives in the zone as a whole is not as good as on the 
Pennsylvania. Table 28 gives the ratio of ''crew-hours" to total serviceable hours (item 1 of 
Table 27) for eight of the systems within the zone, with the total number of assigned 
locomotives. For the weighted average of all these systems the ratio of crew-hours to total 
serviceable hours is 37, 30, and 50 per cent for freight, passenger, and switcher locomotivesi 
respectively, as compared with 47, 39, and 61 per cent for the Pennsylvania. 

Table 28. — Average dietribiUion of locomotive-houre of represerUoHve raibroads within the euperpower zone, 1919. 



Bystsm. 



Pennsvlvania 

Philadelphia A Reading 

Central of New Jersey 

Delaware, Lackawanna A Western. 

Erie 

New York CJentral 

Lehigh Valley 

Delaware A Hudson 



Total or weighted average 

Equivalent number of crew-houn per year. 



ToUl 

nnnilMr of 

looonu^ 

tlYM. 



1,800 

1,000 

600 

760 

1,450 

3,500 

1,000 

500 



10,600 



Batio of crow-lMnn to total 
Mrvloeable boon (per not). 



Fnlfht. 



47 
49 
39 
39 
32 
33 
27 
33 



37 
3,250 



39 
34 
40 
28 
25 
29 
25 
24 



61 
52 
54 
51 
43 
53 
38 
49 



30 
2,630 



50 
4,380 



A direct comparison of time is afforded by the New Haven system. Table 29 sets forth 
the figures for both steam and electric operation on that system for five months of 1919. 

Table 29. — Ratio of ereto-houre to total tervieeable houn under steam and electric operation of the New Haven eysUm, 1919 • 



Month. 


Freight. 


PMsenger. 


SwttdMr. 


Electric. 


Steam. 


Electric. 


Steun. 


Electric 


Stem. 


March 


43 
50 
63 
62 
49 


27 
26 
40 
39 
39 


45 
45 
47 
50 
42 


29 
28 
29 

28 
27 


67 
68 
81 
81 

87 


t 


Anril 


September 


54 


Ocrtober 


56 


November 


53 


A veraiw 


54 


•34 


46 


28 


77 


52 







Ratio of number of serviceable electric locomotives required to do the same work: 
Freight, 34-i-54»63 per cent. 
Passenger, 28-ft-46a61 per cent. 
Switcher, 52-1-77—68 per cent. 

What can be done with motive power in proportion to the service required is shown in 
Table 30, which gives the distribution of serviceable locomotive-hours on the Norfolk & Western. 
Here the locomotives are in road service 74 per cent of the total time and the crew-hours are 
76 per cent. This is to be compared with 33 per cent as the average for freight service on the 
Pennsylvania and 28 per cent for all the roads in the zone — that is, one electric locomotive in 
the Norfolk & Western freight service does as much work as is done in the rest of the zone by 
2.65 steam locomotives. 
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TabIiB 30. — IHUribution o/eledrie locomoHve-iuun in freight iervice on Norfolk <fr Wutem Railway, in per cent. 

In road oervice ' 74. 

TermiiuJ delay in hands of ciew 2. 3 

Engine house: 

Inspection and repain (motive-power department) 14. 8 

Waiting (tiansportation department) 8. 9 

23-7 

Total serviceable hours 100 

Recapitulation by departments: 

Transportation 85. 2 

Motive power 14. 8 

From Table 27 the figures in Table 3 1 are deduced, showing the estimated average distribution 
of locomotive-hours of electric locomotives. In this table the crew-hours for freight service are 
taken at 77 per cent of the corresponding figure for steam service of the Pennsylvania. This 
assumes that on the average an electric locomotive will yield 30 per cent more trailing ton-miles 
per crew-hour than the average steam locomotive — an assumption based on data of operation 
of several electric roads. This result is attained partly by higher speed and heavier trains, or 
both; in minor part by the elimination of the loaded tender and nondriver weight of the steam 
locomotives; and largely by standardization of locomotive types and pooling of locomotives. 

In passenger service the electric crew-hour is taken as 11 per cent more productive than 
the steam; this result will be attained in great measure by the widespread use of multiple-unit 
cars for the short runs in the exteiisive suburban service of the zone and by better-sustained 
average speed for other passenger trains. The average speed of passenger trains on the Penn- 
^Ivania system is only 17.5 miles per crew-hour; a uniform increase of 11 per cent would mean 
an average of less than 20 miles per hour, a speed that is now exceeded by a number of steam 
divisions. For switcher service the electric crew-hour is taken at 1.50 times as productive as 
the steam. The service on the New Haven line and the General Electric Co.'s tests at Erie 
and Schenectady give higher ratios. 

Item 2ay Table 31, showing time in engine house for repairs, etc., is taken at about one- 
third of the steam time. For item 2b, time awaiting call, the ratio to crew-hours is taken at 
approximately the same as in steam service. This estimate is moderate or perhaps low, for 
with half as many locomotives in service the waits must necessarily be shorter, and moreover 
the use of classes of uniform locomotives will save much of this delay. The ratio of serviceable 
to total electric locomotive-hours is pretty well established at about 90 per cent. With these 
assumptions, all of which tend to minimize the savings of unified electric operation, the Penn- 
sylvania system could be operated electrically in 61, 66, and 54 per cent of the serviceable 
hours, or 48.5, 51, and 48 per cent of the total hours now required for the steam operation of 
the freight, passenger, and switcher services, respectively. 

Table 31. — Estimated dUtribution oj electric tooomotive-houre, in percentages of time required for steam operation o/ the 

Pennsylvania system. 



ttom. 



Crew-hours 

Engine hoiiae: 

a. Mechanical department 

6. Transportation 

Total engine house (2a+2b) 

Stored 

Total serviceable hours 

Ratio of serviceable to total hours 

Total hours of assigned locomotives 

Relative number of electric locomotives required: 
iiWght, 68-4-141=48.5 per cent. 
Passenger, 74+144=51.0 per cent. 
Switcher, 67-1-125=53.5 per cent. 



Fraigbt. 



steam. 



47 

31 
17 



48 
5 



100 

71 

141 



Electric. 



36 

10 
13 



23 
2 



61 
90 
68 



Steam. 



39 

37 
22 



59 
2 



100 

69 

144 



Klectric. 



35 

12 
18 



30 
1 



66 
90 
74 



Switcher. 



Steam. 



61 

18 
18 



36 
3 



100 

80 

125 



Klectric. 



41 



6 
12 



18 
1 



60 
90 
67 



74 
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Table 32, taken froin Table'3I, sums up tbe estimated schedule for electric operation* . The 
crew-hours amount to 59, 53, and 76 per cent of the serviceable hours. These figi;res are low, 
in the opinion of several electric operating men, who claim that crew^oiips should be taken 
at 70 per cent of total hours, equivalent to 78 per cent of serviceable hours. 

Table 32. — DittribtUion of eUdric loeornotive hours. 



Item. 



Crew-houra. 

Engine house: 

(a) Mechanical department, , . . 

(b) Transportation department 

Total engine house 

Stored 

Total serviceable hours 



Freight. 


Passenger. 


59 


53 


17 
21 


18 
27 


38 
3 


45 
2 


100 


100 



Switcher. 



76 



11 
11 



22 
2 



100 



From a direct comparison of the mileage of Tables 25 and 26 and the above analysis of 
locomotive-hours the annual mileage of electric locomotives is taken at 40,000 for freight 
locomotives, 75,000 for passenger locomotives, and 40,000 for switchers. 

TOTAL COST. 

Item 5 of Form D, the sum of items 2,3, and 4, gives the total estimated cost of the specified 
items and accounts for 90 to 95 per cent of the total cost of the work. Table 33, giving the 
itemized costs of the Chicago terminal electrification, shows that the other items amount to 
less than 8 per cent. These imspecified items are principally changes in signal system, provi- 
sion against electrolysis, and certain minor items. Item 7 of Form D is an allowance of 10 
per cent for these unspecified costs. 

Tabi^ 33. — Coit of items of construction and equijment involved in the dectrification of Chicago terminals^ exclusive of 

power station and tranmission system. 



Item. 



2,400.volt direct-current. ' n^aw-voltjaternatlng-cur- 



Total. 



Per cent. 



Total. 



SubstatioDs .' '. 

Switching stations 

Overhead contact system 

Bridge warnings : 

Return cirpuit 

Prevention of inductive effects and electrolysis 

Telephone system , 

Electric locomotives, multiple-unit equipment, work and inspection 

equipment 

Spare parts , 

Cnanges in overhead structures 

Changes in wire lines 

Changes in signal system 



$5, 660, 000 
1, 522, 000 

33, 895, 000 
1, 072, 000 
6, 070, 000 



Summary: 

Specified items . . . 
Unspecified items. 



272,000 

84,004,000 

503,000 

834,000 

2, 028, 000 

6, 694, 000 



4.0 

1.1 

23.8 



4.3 



59.0 



142, 554, 000 100. 



92.2 
7.8 



100.0 



$2, 025, 000 

573,000 

28, 142, 000 

1, 072, 000 

4, 446, 000 

997, 000 

272,000 

91, 704, 000 

485,000 

834,000 

2, 028, 000 

6, 111, 000 



138, 689, 000 



Per cent. 



1.5 

.4 

2Q.3 



3.2 



66.0 



IQQ.O 



91.4 
8.6 



100.0 
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BNOXMSB&INa, OONTIXraENOIBB, AJSTD INTBBBST. 

• . * * 

Item 8 of Fonn D covers overhead allowance of 20 per cent for engineering, contingencies, 
and interest. This construction will be essentially work of duplication; the units will be 
identical both for substation equipment and for locomotives. The estimate assiunes hot 
special production but quantity production, which will reduce the percentage required for 
engineering and for contingencies. Similarly, the allowance for interest should not be as 
great as for construction work imdertaken by a single company, as the work would be done 
on the general credit of the cdnXbined railroad systiems; money tnll b^ obtained as needed, 
and the construction periojl, during which interest must be carried, will be minimized; in fact, 
much of the cost represents equipment, payments for which can fairly be assumed to be made 
toward Iher'end of thd period of construction. ,.-... ^ 

- ^ . BBLBABBD LOCOHOTIVES. ' ' 

Item' 9 "of Form D gives the total gross cost oi electrification, which is reduced by the 
credit for released steam locomotives, given by item 10. This credit is based oh the assumption 
tiiat all steam locomotives released within the superpower zone can be used. Electrification 
will be progressive, and rt is a reasonable assumption that locoino tires -as released from one 
division will be transferred either to another division or to another road. The amount of 
the credit is determined by assuming that the average condition of the locoijtiotives is 50 per 
cent new, probably an imderestimate in view of the fuct that much of the equipment has been 
bought within the last ten years; The value of a new locomotive in 1919 is taken at 18 cents 
per pound of total weight, and the salvage value at 2 cents per poimd. These figures are based 
on the -elaborate estimates of the equipment committee of the President's Conference Com- 
mittee of Steam Railroad Companies, whose reports embody the fullest examination yet made 
of the value and cost of steam locomotives and of their reproduction cost. From these 
assumptions is obtained a net value of 10 cents per pound of total weight as the amount to be 
credited.. The average ratio of total weight to weight on drivers is found to be 1.5 for freight, 
passenger, and switcher locomotives, in the proportions that now prevail in the zone; this 
fixes the value per pound on drivers of the released steam locomotives at 15 cents; 

Deduction of item 10 gives the net cost of electrification; the percentage that the saving 

from electric operation bears to this total cost determines whether any division is susceptible 

of economical electrification. 

CONCLUSIONS, 

The study described above has been made for all the class 1 railroad systems within the 
superpower zone except the Ulster & Delaware, the New York, Ontario & Western, and the 
Western Maryland. The first two were omitted, after a preliminary examination, because their 
traffic was too light to warrant electrification. The Western Maryland was omitted because 
only a small part of its trackage is within the zone; the preliminary examination, however, 
indicates that the Western Maryland traffic would justify electrification. There remained, 
then, 13 railroad systems ^ in the zone that were studied in accordance with Forms C and D 
(pp. 59, 67). In this study it was not possible to adhere strictly to the limits of every operating 
division reported by the railroads, and some divisions were therefore consolidated into routes. 
The number of divisions or routes ranged from one on the Boston & Maine to nine on the 
Pennsylvania and aggregated 40 for the 13 roads. 

The results of the study are given in figures 14 and 1 5, which show for each of the 40 divisions 
the annual saving, in percentage of the net cost of electrification, plotted against the energy 
required, in kilowatt-hours per year, together with the accumulated average percentage of saving 
for the divisions as grouped. Figure 14 shows the saving exclusive of the saving in' crew wages, 
and the divisions are arranged in the order of percentages. With these results as the criterion 
of economical electrification the '^selected divisions *' are assumed to be all that show a saving 

^ The Boston it Albanj was included with the New York Central, and the Long Island with the Penn^ytvanla. 
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of 9 per cent or more. The group of divisions thus selected shows an average saving of 11.4 
per cent. It includes 30 of the 40 divisions examined, comprised in 11 of the 13 systems shown 
in Plate VI. Figure 15 shows the saving including the wage saving for the 40 divisions 
arranged in the same order as in figure 14. For the ''selected divisions" these savings range 
from 10.6 to 19 per cent and average 14.2 per cent. The total energy reqtdred annually for 
these 30 divisions will be 4,400 million kilowatt-hours, and the maximum demand approxi- 
mately 850,000 kilowatts. 




T 
1.0 



r > ' « ' r ' I' y I I I r i 1 I I I' M I' 

1.5 2.0 2.5 3.0 3.5 

BILLIONS OF KILOWATT-HOURS 



FiouBB 14.— Saving effected by eltetiiflcatloii of heavy-fraction railroads, in percentage of conjitniction oost, not tnnimUng saving in wages. Each 
oohimn represents a railroad division or route. 1, New York and New Jersey division, Erie; 2, Northern divisioQi Erie; 3, Greenwood I«ke 
division, Erie; 4, Jefferson division, Erie; 5, Schuylkill division, Pennsylvania; 6, Springfield division, N. Y., N. H. & H.; 7, Maybrook division, 
N. Y., N. H. 4e H.- 8, Philadelphia diviskm, P. & R.; 9, New York, Susquehanna, and Western division, Erie; 10, Cumberland Vidley division, 
Pennsylvania; 11^ Atlantic City division, P. &.R.; 12, Wilmington and Columbia division, P. & R.; 13, Sunbury division, Pennsylvania; 14, 
New Jersey and Seashore division, Pennsylvania; 15, Lehigh A Hudson River R. R. Other divisions are indicated on the diagram. 

The low percentage of saving shown by the divisions not included in the selected group, 
except those of the New York Central, is due to light traffic. On the New York CSentral the 
train cost of transportation, the cost of maintaining steam locomotives, and the cost of coal per 
mile are lower than on any other system, owing in part to the fact that this is a water4evel road 
with a large amount of through traffic; these are favorable conditions for economical steam 
operation and therefore afford less opportunity for saving by electrification. 

The importance of the 30 selected divisions as compared with all the divisions of class 1 
railroads within the zone is shown in Table 34. 
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irlsloiu. 



Per cent. 



48 
53 
64 
58 
75 
60 
74 
69 
75 




ZONE 1 



"3r 



O 



5.5 
wifes. Each 

( the net 
;ion,both 
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in wages, 
: 10.6 per 
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cent for the New York, Susquehanna, and Western division of the Erie to 19 per c'ent for the 
New Haven-Boston route of the New Haven. * * - - 



Tablb 35. — Summary of electric operation on selected divisiom. 



System aibd division. 



Boston & Maine .• 

Boefon & Albany: 

Boston 



New York, New Haven & Hartford and Central New 
England: 

Boston 

Springfield ; . . : r. . . r r: . . •.• 

Maybrook 



Delaware Jb Hudson: 
Susquehanna. . . 
Pennsylvania 



Erie: 

New York (main) 

Greenwood Lake 

: Northern.: 

New Y'ork and New Jersey : : 

Delaware and Wyoming 

Jefferson , 

New York, Susquehanna, and Western. 



Delaware, Lackawanna & Western. 

Lehigh Valley 

Central of New Jersey 



Pennsylvania: 
New York . . . 

Trenton 

Philadelphia. 
Schuylkill... 

Maryland 

Baltimore 



Philadelphia & Reading: 

New York 

Philadelphia 

Reading 

ShamoHn 

Harrisbuig 



Baltimore & Ohio: 
Philadelphia. . 
Baltimore 



Grand total, 



Net cost of 
ooDstniction. 



Net reduction in annakl cost of opermtion. 



Including crew wages. 



Excluding crew wages. 



Amount. 



$28, 862, 500 
18, 237, 7Q0 



20, 300, 500 

&, 279; 300 

10, 812, 100 



36, 391, 900 



17,886,700 
12; 719, 900- 



30, 605, 600 



19, 597, 100 
3, 268, 600 
1, 891, 000 
1^866,400 

16,295,700 
2, 987, 900 
7, 372, 300 



$4, 431, 200 
2,071,200. 



3, 852, 500 

706,000 

1, 465, 200 



6, 017, 700 



2, 223, 300 
1, 600, 500 



Percentage 

of cost 01 

oonstruo 
tion. 



15.35 



18.98 
13. 26 
13.55 



16.54 



12.43 
12.58 



^3,823,800 



3, 655, 600 
466,060 
285,000 
304, 675 

1, 936, 200 
441.300 
784,900 



53, 269, 000 



50, 780, 700 
45; 884; 800 
31, 997, 800 



46, 494, 100 
14, 734, 300 
45, 597, 80!Q 
6,097,500 
23, 691, 800 
23,^73,900 



, 160, 289, 400 



16, 913, 100 
7, 682, 000 
29, 540, 200 
15, 981, 900 
15, 151, 500 



85, 268, 700 



18, 821, 100 
9, 675, 800 



7 J 863, 735 



6, 654, 500 
6; 310, 700 
4, 711, 300 



6, 207, 300 
1, 780, 300 
5, 562, 400 
883^,400 
3, 201, 200 
3, 953, 300 



21^587,900 



2,-407,500 
1, 299, 800 
3, 640, 100 
2, 734, 700 
2, 194, 400 



12.49 



18.65 
14.26 
15.07 
16.42 
11.82 
14.77 
10.66 



14.76 



13.10 
13.75 
14.72 



13.36 
12.08 
12.20 
14.49 
13.51 
16.70 



Amount. 



$3, 411, 200 
.. 1, 872, 700. 



3,235,000 

627,000 

1, 165, 200 



5, 027, 200 



1, 742, 700 
1, 287, 500 



3, 030, 200 



3, 119, 100 
459,800 
284,000 
303,800 

1, 582, 500 
400,400 
682,200 



6, 831, 800 



6, 394, 500 
5, 105, 200 
3, 651, 300 



13.47 



12, 276, 500 



28, 496, 900 



570, 085, 000 



3, 579, 000 
1,563,400 



5, 132, 400 



80, 880, 935 



14.23 
16.92 
12.32 
17.11 
14.48 



14.40 



19.01 
16.05 



18.01 



4, 677, 700 
1, 425, 300 
4,074,000 
790,300 
2, 627, 100 
3, 364, 900 



16, 959, 300 



2, 118, 800 
814.800 
2, 756, 100 
2, 322, 700 
1, 690, 400 



9, 702, 800 



2, 979, 700 
1, 299, 400 



4, 279, 100 



14.19 



66,066,300 



Peroentaee 

of cost qT 

ccm^rAcs^ 

• Ucm. ' 



n.82 
9.17 



15.93 
11.88 
10.78 



13.81 



9.75 
10.10 



9.90 



15,92 
14.07 
15.02 
16.37 
9.72 
13.40 
- 9.25 



12.82 



10.62 
11.13 
1L41 



10.06 
9.67 
8.93 
12.96 
11.09 
14.21 



10.58 



12.63 
10.61 
9.33 
14.63 
11.16 



11.38 



13.43 
15.83 



15.02 



U.41 
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The data of roadbed, equipment, and operation, both for steam and for electricity, of the 
selected divisions are summarized in Tables 36 to 42. 

Table 36. — TVodb mileage of selected divisione. 



System. 



BoBton & Maine 

Boston A Albany 

New York, New Haven A Hartford 

Delaware & Hudson 

Erie 

Delaware, Lackawanna & Western. 

L^i^ Valley 

Oenlnl of New Jersey 

Pennsvlvania 

Fhilaoelpkia & Reading 

Baltimore A Ohio 



Road. 



278 
201 
329 
377 
715 
551 
544 
315 
1,503 
1,231 
351 



6,395 



Hain. 



504 

368 

720 

666 

1,146 

1,030 

985 

597 

2,733 

1,927 

620 



11, 296 



Yard. 



295 
228 
495 
337 
725 
682 
751 
658 
2,107 
1,246 
307 



7,831 



Total. 



799 
596 
1,215 
1,003 
1,871 
1,712 
1,736 
1,255 
4,840 
3,173 
927 



19, 127 



Table 37. — Data of steam operation on selected divisions. 



System. 



Boston A Maine 

Boston A Albany. 

New York, New Haven A Hartford. 

Delaware A Hudson 

Erie 

Delaware, Lackawanna A Western . 

liehi^ Valley 

Central of New Jersey^ 

Penni^lvania ^ 

Philadelphia A Reading 

BaltimcMre A Ohio 

Total or weighted average . . . 



Total. 



Looo> 
motives. 



363 
192 
456 
314 
568 
570 
619 
535 
1,655 
960 
310 



6,542 



Traffic 
(thauaands 
of looo> 
motive- 
miles). 



9,250 

5,550 
11,295 

6,940 
11,346 
13,900 
10,550 
10,000 
48,039 
22,353 

8,122 



156, 345 



Coal 

(thousands 

of tons). 



680 

365 

825 

765 

1,093 

1,400 

1,103 

860 

3,433 

2,200 

640 



13, 313 



Per mile of road. 



Looo- 
motlves. 



L31 

.95 

L39 

.83 

.79 

LOS 

L14 

L70 

LIO 

.78 

.88 



L023 



Traffic (locomotive-miles). 



Freight. 



16,730 
7,110 

12, 770 

12,900 
6,140 

11,250 
8,470 

12,700 
8,360 
7,380 
7,170 



9,150 



Passenger. 



5,750 

13,830 

13,900 

2,470 

6,510 

8,170 

4,520 

9,520 

14,750 

4,270 

8,620 



8,590 



Sum. 



22,480 
20,945 
26,680 
15,380 
12,650 
19,420 
13,000 
22, 220 
23,^10 
12,460 
15,800 



17, 740 



System. 



Boston A Maine 

Boston A Albany 

New York, New Haven A Hartford. 

Delaware A Hudson 

Erie 

Delaware, Lackawanna A Western. 

Lehigji Valley 1 . 

Central of New Jersey 

Pennsvlvania 

Philadelphia A Reading 

Baltimore A Ohio 



Total or weighted average. 



Per mile of road. 



Coal 
(tons). 



2,266 
1,816 
2,507 
2,030 
1,530 
2,540 
2,030 
2,730 
2,284 
1,790 
1,820 



2,082 



Gross 
freicht 
traffic 
(thousands 
of tan- 
miles). 



15,100 

6,490 

14,800 

15,000 

8,000 

11,300 

9,400 

14,600 

13,090 

9,500 

9,600 



11,320 



Per mile of all track. 



Loco- 
motives. 



0.455 
.322 
.375 
.313 
.303 
.332 
.356 
.426 
.342 
.302 
.334 



.342 



Total 

traffic 

(loco- 

motlve- 

miles).a 



11,580 
9,310 
9,300 
6,920 
6,060 
8,120 
6,080 
7,970 
9,920 
7,050 
8,760 



Coal 

(tons). 



8,170 



789 
612 
679 
762 
584 
818 
635 
685 
709 
693 
691 



696 



Roadloco- 

mottve- 

milesper 

mile of 

main track. 



12,400 

11,430 

12,190 

8,710 

7,890 

10,400 

7,180 

11,720 

10, 430 

7,960 

8,940 



Total.a 



33,270 
27, 610 
34,340 
18, 410 
15, 870 
25, 230 
19,390 
31,750 
31,960 
18,160 
23,140 



24,450 



Switcher 

loco- 
motive- 
miles per 
mile of 
yard track. 



10, 170 
5,880 
5,090 
3,390 
3,180 
4,690 
4,630 
4,560 
6,310 
5,630 
8,390 



10,040 



5,480 



• Includes switcher locomotive-miles. 
e836V —21 6 
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Table 38. — Data of electric openUitm on selected divinoru. 



Systsm. 



Boeton & Maine 

Boston & Albany 

New York, New Haven & 

Hartford 

Delaware & Hudson 

Erie : 

Delaware, Lackawanna & 

Western 

Lehigh Valley 

CentriEd of New Jersey 

Pennsylvania 

Philadelphia A Reading. . 
Baltimore & Ohio 

Total or weighted 
average 



Total. 



Number 

ofloco- 

motiTw. 



212 
107 

233 
163 
313 

295 
236 
215 
959 
488 
172 



Substations. 



Capacity 
(thousands 

of 
kilowatts). 



3,393 



102 
59 

120 
125 
156 

197 
168 
130 
561 
289 
91 



1,998 



Energy 
required 
annually 
(millions 

of 
kUowatt- 

hours). 



224 
129 

297 
276 
340 

433 
367 
289 
1,232 
635 
201 



4,423 



Per mile of road. 



Number 
of loco- 
motives. 



0.763 
.532 

.708 
.432 
.438 

.535 
.434 
.683 
.638 
.396 
.490 



Substations. 



Capacity 
(kilowatU). 



Energy 

required 

annually 

(thousands 

of 
kilowatt- 

hOCUB). 



.531 



367 
294 

366 
333 
218 

358 
307 
414 
373 
235 
260 



312 



806 
642 

903 
731 
475 

786 
674 
917 
820 
516 
571 



692 



Per mile of all track. 



Number 

ofloco- 

motives. 



0.265 
.180 

.192 
.163 
.167 

.172 
.136 
.171 
.198 
.153 
.186 



Substations. 



.177 



Capacity 
(kilonratU). 



128 
99 

99 

125 

83 

115 

96 

104 

116 

91 

99 



104.4 



Eneiigy 

required 

annually 

Cthonaamls 

of 
kOowatt- 

hours). 



280 
216 

245 
275 
182 

253 
211 
230 
255 
200 
216 



231 



Table 39. — Coal eaved by electric operation on selected divieions. 



System. 



Boston & Maine 

Boston & Albany 

New York, New Haven <& Hartford . 

Delaware & Hndson 

Erie , 

Delaware, Lackawanna & Western. . 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading 

Baltimore & Ohio 

Total or weighted average 

Percentage 



Quantity (thousands of tons). 


Freight. 


Passenger. 


Switcher. 


AIL 


253 


48 


105 


406 


93 


105 


38 


236 


247 


176 


105 


528 


382 


43 


64 


489 


363 


258 


133 


754 


590 


225 


152 


967 


422 


126 


188 


736 


276 


140 


155 


571 


887 


804 


509 


2,200 


1,035 


264 


265 


1,564 


211 


128 


101 


440 


4,758 


2,317 


1,815 


8,890 


54 

1 


26 


20 


100 



Percentage of steam locomotiye coal. 



Frei^t. 



63.3 
60.8 
6L3 
6L4 
62.9 
65.6 
62.4 
60.0 
60.0 
7L6 
67.6 



Passenger. 



60.0 
65.5 
62.8 
70.0 
72.4 
75.0 
67.5 
70.0 
.64.5 
67.9 
67.8 



64.1 



67.2 



Switcher. 



70.0 
73.7 
73.6 
78.9 
82.7 
76.0 
78.3 
77.5 
7L8 
72.7 
72.4 



74.4 



All. 



64.4 
64.7 
64.0 
64.0 
63.9 
69.1 
66.7 
66.4 
64.1 
71.1 
68.7 



66.8 



Table 40. — Energy required for electric operation on selected divisions , in thousands ofhiUnvatt^hours. 



System. 



Boston db Maine 

Boston & Albany 

New York, New Haven & Hartford 

Delaware & Hudson 

Erie 

Delaware, Lackawanna & Westorn. 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading 

Baltimore & Ohio 

Percentage 



Freight. 



147,000 
60,000 
155,500 
240,000 
213,400 
310,000 
254,000 
184,000 
590,200 
410,900 
101,400 



2, 666, 400 
60.30 



Passenger. 



32,000 

55,600 

103,800 

18,600 

98,600 

75,000 

60,600 

60,000 

443,200 

125, 100 

60,500 



1, 133, 000 
25.60 



Switcher. 



45,000 
13,400 
37,800 
17,100 
27,800 
48,000 
52,200 
45,000 
199,600 
99,300 
38,700 



623,900 
14.10 



All. 



224,000 
129,000 
297,100 
275,700 
339,800 
433,000 
366,800 
289,000 
1, 233, OOO 
635,300 
200,600 



4, 423, 300 
100. 00 
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Tablb 41. — Cott of electric track facUiHes and equipmenl of ecUcied divieiona, in thotuandt ofdoUarB, 



Systttn* 



Boston d Maine 

Boston A Albany 

New York, New Haven & Hartford. 

Delaware & Hudson 

Erie 

D^ware, Lackawanna & Western. 

Lehigh Valley 

Centnd of New Jersey 

Pennsylvania 

Philadelphia A Reading 

Baltimore & Ohio 



Percentage. 



Milea^. 



ROMl. 



278 
201 
329 
377 
716 
551 
544 
315 
1,503 
1,231 
351 



6,395 



All track. 



799 
596 
1,215 
1,003 
1,871 
1,712 
1,736 
1,255 
4,840 
3,173 
927 



19, 127 



Specified Items. 



Track 

distributioo 
system. 



8,397 
5,917 
12, 352 
10, 451 
19,032 
17, 131 
17,002 
11,834 
46,555 
31, 870 
9,695 



190,236 
26.0 



Sab- 
stations. 



6,120 

3,540 

7,218 

7,524 

9,360 

11,820 

10,020 

7,824 

33,612 

17,340 

5,484 



119, 862 
16.4 



Loco- 
motives. 



14,208 
7,972 
16,233 
12, 737 
23,338 
20,388 
20,074 
14,048 
75, 871 
34, 489 
12,634 



251, 992 
34.5 



Sum. 



28,725 
17,429 
35,803 
30,712 
51,730 
49,339 
47,096 
33,706 
156,038 
83,699 
27, 813 



562,090 
76.9 



System. 



Boston & Maine 

Boston & Albany 

New York, New Haven & Hartford 

Delaware db Hudson 

Erie 

Delaware, Lackawanna & Western. 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading 

Baltimore & Ohio 

Percentage 



I7]in>ecifled 

items 
(10 per cent). 



2,872 
1,743 
3,580 
•3, 071 
5,173 
4,934 
4,710 
3,371 
15,604 
8,370 
2,781 



56,209 

7.7 



Overhead 
(ao per cent). 



5,745 

3,486 

7,161 

6,142 

10, 346 

9,868 

9,419 

6,741 

31,208 

16,740 

5,563 



112, 419 
15.4 



Total gross 
cost. 



37,342 
22,658 
46,544 
39,925 
67,249 
64,141 
61,225 
43, 818 
202,850 
108,809 
36, 157 



730, 718 
100.0 



Credit for 

released steam 

locomotives. 



8,480 

4,420 
10, 152 

9,320 
13,980 
13,360 
15,340 
11,820 
42,560 
23,540 

7,660 



160,632 
22.0 



Net cost. 



28,862 
18,238 
36,392 
30,605 
53,269 
50,781 
45,885 
31,998 
160,290 
85, 269 
28,497 



570, 086 
78.0 



Table 42. — Comparative cost ofeteam and electrU operation on selected divisumSf in thousands of dollars. 



System. 



Boston <& Maine 

Boston & Albany 

New York, New Haven 

& Hanford 

Delaware & Hudson 

Erie 

Delaware, Lackawanna & 

Western 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading. . . 
Baltimore & Ohio 



Net cost 
of electric 
oonstmo- 
tionand 
equip- 
ment. 



28, 862 
18, 238 

36, 392 
30,605 
53, 269 

50,781 
45, 885 
31, 998 
160,290 
85, 269 
28, 497 



Cost of steam 
operation. 



Cool. 



570, 086 



3,780 
2,190 

4,949 
4,208 
5,467 

7,000 
5,514 
4,300 
17, 162 
10, 998 
3,202 



68, 770 



Locomo- 
tive 
mainte- 
nance. 



3,170 
1,601 

4,737 
2,984 
6,913 

5,004 
5,170 
3,800 
19, 797 
8,976 
4,386 



66,538 



Cost of electric operation. 



Bnergy. 



2,240 
1,290 

2,971 
2,757 
3,398 

4,330 
3,668 
2,890 
12,330 
6,353 
2,006 



44,233 



Locomo- 
tive 
mainte- 
nance. 



721 
426 

849 
677 
936 

1,086 

869 

735 

4,125 

1,819 

667 



12, 910 



Distri- 
bution 
and sub- 
stations. 



578 
402 

838 

727 

1,216 

1,194 
1,041 

824 
3,547 
2,099 

635 



13, 101 



Saving by electric operation. 



Wage 
saving. 



1,020 
399 

991 

795 

1,032 

1,260 
1,205 
1,060 
4,628 
2,574 
853 



15, 817 



TotaL 



4,431 
2,072 

6,019 
3,826 
7,862 

6,654 
6,311 
4,711 
21,585 
12, 277 
5,133 



80,881 



Ratio to 
cost of 
construc- 
tion (per 
cait;> 



15.4 
1L4 

16.5 
12.5 
14.8 

13.1 
13.8 
14.7 
13.5 
14.4 
18.0 



14.2 



Table 43 gives the comparative data for steam and electric operation, in accordance with 
Form C, for all the selected divisions within the zone, aggregated into one operating system. 
This table sunounarizes briefly the entire results of the investigation; it does not include wage 
saving. 
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Table 43. — Companion of»Uam and eUdrve operation for all wleeUd divisioru {combined). 





Fnright. 


Passenger. 


Bwiteber. AllMrvioea. 

1 




Unit value. 


TotaL 


UnitTalae. 


TotaL 


Unit value 


TotaL 


Unit value. 


Total. 


fi/tW^ni maH npckni.tA<i . . 




6,395 
11,296 

2,927 
283,171 

68,517 

723,896 




6,395 
11,296 

1,620 
104,655 

54,946 








6. 395 


Milee of track 








7,831 

1,995 
147,058 

42,882 




19 127 


1 
Steam. i 

* 

Average number of as- > 
fiitnied locomotives. . . ' 








6 542 


Weigjiton drivers, tons. . 
Locomotive - miles, 

thousands. . 

Trailing ton- miles, 

. million? . 


97 


65 


74 


82 


S34, 884 
X56 345 












Oar-miles thousands. . 














Coal burned tons. . 




7.424,500 




3, 450, 400 
126 




2, 438, 600 
114 




13,313«^ 


Coal per locomotive- ! 
mile pound", 


254 

2, 666, 400 
2,666,400 

• 

2,666,400 
'4, 758, 100 








170 


Electric. 

Kilowatt -hours (thou- 
Band-ton-mile oasis) ' 
thousands.. 36.8 




• 


• 




Kilowatt - hours (loco- 
motive-mile basis) 
thousands.. 

Equivalent coal, pounds 
and tons 


45.6 

2.0 

64.1 


20.6 
2.0 

67.2 


1,133,000 

1, 133, 000 
9 ai? 4nn 


14.6 

2.0 

74.4 


623,900 

623,900 

1, 814, 700 


28.3 

2.0 

66. o 


4,423, 300 

4,423,300 
8, 8«>, 200 


Coal saved, per cent 
and ton?. ..,,...,,.. 




"* • ** —1 '-- • f -'"' 


Unit and total cost. 
Cost of coal and water. . . 


15.17 
.01 


$38,350,800 
26,664,000 




$17, 822, 800 
11, 330, 000 




$12, 596, 600 
6, 239, 000 


$5.17 


$68, 7VO, 200 


Cost of electric energy . . 






44:233, COO 












Excess cost of steam 




11, 686, 800 

28, 649, 500 

4, 831, 800 

3,545,800 

1,866,600 




6, 492, 800 

21, 766, 90a 

4,537,000 

3, 325, 900 

793, 100 




6, 357, 600 

16, 121, 200 

3,540,800 

3, 132, 400 

436,800 




24,537,200 
66,537,600 
12.900,600 


Locomotive mainte- 
nance, steam o 

Locomotive mainte- 
nance, electric <> 


.49 

.0826 

600.00 

.0007 


10.396 


$0,376 


.426 
.0826 


Maintenance of distri- 
bution system 




400.00 


10,004, 100 


Substation operation 
and maintenance 




.0007. 












Total cost, steam oper- 
ation 




67, 000, 300 
36, 908, 200 




39, 589, 700 
19, 986, 000 




28, 717, 800 
13,349,000 




136,907,800 
70,2*3, aOO 


Total cost, electric op- 
eration 




















■ w, av _ 


Excess cost, 9te&m op- 
eration 


2, 604. 00 


30, 092, 100 


1, 735. 00 


19, 603, 700 


1, 963. 00 


15, 368, 800 


3, 402. 00 


65,064,^00 









a Includes engine-house expense. 



Figure 16 shows the growth of traffic, both freight and passenger, of track, and of traX^t-*^® 
power for the class 1 raikoads in the superpower zone from 1900 to 1919. The annual **^. 
of growth has been 5.3 per cent in passenger-miles, 4.5 per cent in ton-miles, 0.75 per c&t^^ 
all track, and 6.6 per cent in tractive power of locomotives. 

The amount of money required for electrification is indicated in Table 42 as $570,000, ^^^T 
This figure is based on costs prevailing in 1919, but at present costs (June, 1921) it woul^ 
reduced by 18 per cent, to approximately $467,000,000, and before this construction c^tx ^ 
undertaken there will be further material reductions. Probably five years from now the ©O*'^ 
work outlined could be done for not more than $400,000,000. This is comparatively a mod^^^ 
sum. Good railroad authorities have stated repeatedly that more than $1,000,000,000 a y^^ . 
is needed by the railroads of the United States for extensions and betterments. The pe^^ 
this total to be allocated to the superpower zone, as determined by the number of locomot 
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would be $150,000,000. The amount required for normal extensions and betterments for three 
years would therefore be sufficient to electrify the 30 selected divisions of the railroads in 
this territory, with an annual saving of more than 14 per cent. The most valuable feature of 
the change, however, is not the amount saved but the great increase in maximum capacity 
of existing trackage and the general advantages of electric operation. 
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Figure 16.— Growth of steam railroads in the superpower tone in 1900-1919. Annual rate of growth compounded, 1900-1918: Passenger-miles 

5.3 per cent; ton-miles, 4.6 per cent; all track, 0.76 per cent; tractive power, 6.6 per cent. 

These figures indicate that with a return of normal financial conditions all these lines 
should be electrified before further great expenditures have been incurred to increase in a 
minor degree the capacity of the existing tracks and yards. Steam operation can not satis- 
factorily meet the conditions of the crowded terminal herein described as the superpower zone; 
electric operation can easily do it. 



APPENDIX D. 

INDUSTRY IN THE SUPERPOWER ZONE, 



By H. W. BuTLEB, H. Goodwin, Jr., and others of the engineering staff. 



CONCLUSIONS. 

A survey of the industrial establishments in the superpower zone in 1919 shows that the 
maximum economical use of purchased power in that year would have saved 13,502,100 tons 
of coal. This estimate assumes a consumption equivalent to 2 poimds of coal per kilowatt- 
hour at the motor leads in the industrial establishments. In order to save this coal, however, 
the industries would have had to purchase 5,623,800,000 kilowatt-hours more than they did. 

The energy developed by prime movers in the industries was equivalent to 9,311,440,000 
kilowatt-hours. The energy purchased from central electric stations to supply electric motors 
in the industries was 3,338,800,000 kilowatt-hours. 

INDUSTRIES CONSIDERED. 

''Industries" as used in this report means privately owned manufacturing establishments, 
laundries, mines and quarries, and Government institutions. The establishments considered 
include only those whose annual product has a value greater than $500. Table 48 gives the 
statistics for 53 industries, which have been arranged in 17 major groups adopted by the Bureau 
of the Census, to permit convenient comparison of the information here given with other in- 
formation gathered by the Census Bureau regarding these industries. 

fundamentaij information received from bureau of the census. 

thb tables in obnbbal. 

The only source of general figures showing power and fuel used proved to be the Bureau 
of the Census. The census of manufactures covering the calendar year 1919 was in process 
of compilation, and the Census Bureau arranged to cooperate with the superpower survey by 
supplying advance information in special tabular form for analysis. The titles of the tables 
follow: 

Table 44. — Mechanical powernnipply equipment and fuel used by aU indiutries, by size of plant. 

Table 45. — ^Mechanical power-Bupply equipment and fuel used by all industriee, by character of power supidy. 

Table 46. — ^Mechanical power-supply equipment and fuel used by all industries, by industry subgroups and char- 
acter of power supply. 

Table 47. — ^Mechanical power-supply equipment and fuel used by all industries, by counties and size of plant. 

Table 48. — Summary and analysis of industrial power and fuel, by industry groups. (The summary consists of 
Census data; the analysis was made by the superpower survey.) 

The colunm headings are practically the same in all tables. They follow the Census stan- 
dard headings except as noted. 

"Power-supply equipment'' is used instead of the old Census term "primary power." 

"Prime movers" is used instead of "owned" power. 

"Operated by purchased energy" is used instead of "rented" power. 

"Aggregate horsepower" of "power-supply equipment" (colunm 6) is the sum of the 
" total horsepower " of "prime movers" (column 7) and the "total horsepower" "operated 
by purchased energy" (column 16). 

"Total horsepower" of "prime movers" (column 7) is the sum of columns 9, 11, 13, and 
15. Prime movers are included whether they are directly connected to machinery, such as 
pumps, air compressors, or electrical generators, or used to drive shafting. Boiler-room and 
engine-room auxiliaries are not included. 
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''Internal-combustion engines" (columns 12 and 13) include gas, gasoline, and oil engines, 
whether run on special fuel or waste gases. 

''Water wheels" (columns 14 and 15) include hydraulic turbines and an insignificant 
number of small water motors run from city water mains. 

''Electric motors" "operated by purchased energy" (columns 17 and 18) consist chiefly of 
motors operated from the circuits of central stations but include also some that are operated 
by energy purchased from isolated plants. 

"Other horsepower" "operated by purchased energy" (column 19) is chiefly power 
received through belting or shafting from the power plant of some other industrial estab- 
lishment 

"Total number" of "electric motors" (column 20) is the sum of those "operated by 
purchased energy" (column 17) and those "run by current generated in establishment" 
(column 22). Similarly "Total horsepower" (column 21) is the sum of columns 18 and 23. 
A comparison of column 21 with column 6 gives an idea of the application of electricity in any 
industry. 

"Fuel used" is expressed in "long tons" (2,240 pounds) for anthracite and "short tons" 
(2,000 pounds) for bituminous coal and coke. Cblumn 26 ("Total equivalent bituminous 
coal") is derived from columns 24 and 25 and is presented to permit a comparison of items that 
show various proportions of anthracite and bituminous coal. A careful investigation of the 
quality of coal used by the industries showed that one long ton of anthracite was equivalent, 
on the average, to about nine-tenths of a short ton of bituminous coal in producing power. 
The "total equivalent bituminous coal" is therefore determined by multiplying the "anthra- 
cite" tons by 0.9 and adding the result to the "bituminous" tons. As comparatively little coke 
is used for producing power in the superpower zone, this item is not included in the " total 
equivalent bituminous coal." 

Statistics on the use of oil and manufactured gas in the industries are also compiled by the 
Bureau of the Census, but the data for 1919 were not ready in time for use. The amount of oil 
used for producing power is very small m comparison with the amount of coal used, and as the 
oil reserves are scant it must remain small. 

UHITATIONS OF STATISTICS. 

It is difficult to show the present complicated conditions in industry, with its interrelated 
power and fuel supply, in a few imiform tables. The totals given are undoubtedly very 
accurate, but as the divisions become finer and finer they must be used with increasing care 
and knowledge of the rules used in compilation. For instance: (a) Many plants, particularly 
the larger ones, that are normally operated by water power have complete steam plants in 
reserve for their operation during periods of low water. Both forms of power are reported, 
and in a small group either may apparently show a disproportionately laige amount of power. 
(h) Some plants have discontinued regular operation of direct prime movers and purchase 
power from a central station but must also report the old prime movers held in reserve. This 
again leads to a duplication, (c) Other plants are electrically driven throughout and purchase 
power part of the time and generate it another part. At some times the central station con- 
nection is only "reserve," and at other times the prime movers are only "reserve," so that to 
avoid duplication and to make the total as nearly correct as possible, it is necessary to report 
the motors as "run by current generated in establishment reporting." If the prime movers are 
used only occasionally, the report obviously does not give the central station any credit for 
what it supplies, (d) Still other plants abandoned the use of prime movers near the end of 
1919 and purchased all energy. Thus the statistics show that the motors were operated by 
purchased enei^ on December 31, 1919, but that the fuel used during the year was almost 
enough to operate a steam plant instead of the small amount that might be needed with pur- 
chased power. This condition happened to be particularly true of ice plants, many of which 
changed to central-station service in 1919. 
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THE TABLES IN DETAIL. 

Table 44 shows the total mechanical power-supply equipment and fuel used by all industries 
in the zone, by size of plant. First is shown the fuel used by establishments reporting ''no 
power." On the following lines are given the power and fuel used by establishments reporting 
an aggregate of 1 to 200 horsepower, 201 to 500 horsepower, and 501 horsepower or more. The 
average size is interesting. The figures for the larger plants indicate that 2,732 establishments 
use 6,689,751 horsepower — that is, 3.6 per cent of the establishments reporting power are 
lai^er than 500 horsepower and use 73.8 per cent of the grand total horsepower. 

Table 45 shows the total mechanical power-supply equipment and fuel, by character of power 
supply, with each group subdivided by size of plant. This subdivision is made particularly 
for analj^is. Therefore two clear-cut groups have been selected — establishment reporting 
''steam power only" and establishments reporting "purchased electric power only." The 
ratio of fuel used to power is in these establishments obviously simple, and the amount of coal 
used per horsepower has a definite significance. All combinations of steam power with pur- 
chased power and all other forms of power exhibit more complicated relations and have been 
thrown together imder the heading "All other power." The relations in this group may usually 
be analyzed by means of the factors derived from the previous groups by making proper allow- 
ance for the considerations noted above under "Limitations of statistics." 

Table 46 presents data for each industrial subgroup similar to those presented for all in- 
dustries in Table 45. The totals of each group in Table 46 are carried forward to Table 48. 
Remarks in regard to Table 45 apply to Table 46 with additional force. This table shows 
clearly for each group of industries the character of power supply and the fuel used, from which 
can be determined the relation of fuel used to character of power supply. 

Table 47 gives the mechanical power-supply equipment reported in each county, by size 
of plant, as explained for Table 44. This table is of interest as showing the distribution of 
plants of various sizes and the extent to which electric power is purchased in different counties. 

Plate VII shows the distribution by counties of isolated-plant power, each dot representing 
10,000 horsepower of steam, oil, or gasoline engines. 
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Table 44. — Medianioal power-supply equipment and 
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Steam turbines. 
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4,867,368 


3,528,206 


15,756 


2,138,127 
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570,006 


6,246 


270,040 


4,708 
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76,227 


119 


9,069,471 


6,247,002 


33,379 


4,255,868 


2,115 


1,171,061 


6,246 


279,040 


4,708 


541,033 
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95,984 




9,069,471 


6,247,002 


33,379 


4,255,868 


2,115 


1,171,061 


6,246 


279,040 
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541,083 
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fuel used by all industrieey by size oj plant. 
manufiictans, 1919.] 



Power-supply equipment— Continued. 


Electric motors. 


Fuel used. 


OxMrated by purchased energy. 


Total. 


Run by current jmn- 
erated in eetabfish- 
ment. 


Coal. 




Total 
horsepoirer. 


Eleetrlo motors. 


Other 
(horse- 
power). 


Anthracite 
Gong tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 


Number. 


Horse- 
power. 


J 


tons). 


Number. 


Horse- 
power. 


Number. 


Horse* 
power. 




16 


17 


18 


19 


30 


31 


33 


23 


24 


2fi 


26 
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234,010 


381,737 


501,884 


25,800 






- ■* 











793,617 

334,908 

1,703,950 


208,962 

35,593 

117,406 


783,163 

321,502 

1,685,960 


30,454 
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17,990 


221,738 
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837,251 
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22,635 

163,535 
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560,907 


6,336,637 


198,946 


2,565,912 
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34,287,507 
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3,822,469 
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2,770,715 


51,754 
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5,336,627 


196,946 


2,565,912 


20,909,865 


34,660,324 


53,463,513 


5,661,028 



fuel ueed by all induetries, by character of power supply, 
manuteetures, 1919.] 



Power-supply equipment— Continued. 


Electric motors. 


Fuel used. 




Total. 
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Tablb 46. — Mechanieal power-tupply equipment andfvtl 

[Data from osDsosd 
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used by industry tubgroupi, by charaeter of power supply. 
manufoctuies, 1919.] 



Power-supply equipment— Continued. 
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07^ 



















-• 












81 
202 
574 


703 
2^284 
6,606 


81 
202 
574 


703 
2,284 
6,606 


14,496 
15^131 
81,593 


16,339 
38,365 
97,844 


29,389 

51,966 

171,344 


47 





















7,358 




















857 


9,505 


857 


9,595 


111,220 


152,548 


252,696 


7,405 












7,228 
1,406 


865 
96 


7,228 
1,406 




865 
96 


7,228 
1,406 






4,372 
96 


7,380 
2,398 


11,310 
2,485 


126 



















8.634 


961 


8,634 




961 


8,634 






4,468 


9,778 


13,795 


126 










1,129 
1,956 
5,231 


93 
187 
447 


987 
1,956 
5^231 


142 




98 
227 
561 


1,001 
2,303 
6,517 


5 

40 

114 


14 

347 

1,286 


5,333 
14,049 
89,131 


12,375 
14,656 
26,949 


17, 175 

27,256 

106,949 


106 






8»316 


727 


8,174 


142 


886 


9,821 


150 


1,647 


108,513 


53,980 


151,380 


103 


16»960 


1,688 


16,806 


142 


2,704 


2H,050 


1,016 


11,242 


224,201 


216,306 


417,873 


7,637 


16,950 


1,688 


16,808 


142 


2,704 


28,050 


1,016 


11,242 


224.668 


216,854 418.851 


7,637 



























() 




























2 



13 


11 



128 


2 



13 


11 



128 


8,896 



7,500 


10,155 
1,060 
4,060 


18,145 

1,060 

10,830 













































15 


. 139 


15 


130 


16,396 


15,285 


30,025 





9,431 
725 


710 
31 


9,431 




710 
31 


9,431 
725 






670 



602 



1,205 



4 


726 





















10,156 


741 


10,156 




741 


10,156 






670 


602,' 1,205 


1 













1,853 

468 

50 


107 

40 

1 


1,775 

468 

50 


78 




123 

79 

1 


1,996 

968 

50 


16 

39 




221 
600 




7,988 

49 




3,993 
870 
362 


11,173 
014 

363 


83 
J 

) 


2,371 


148 


2,293 


78 


203 


3,014 


55 


721 


8,037 


5,225 


12,450 


8) 


12,527 


880 12,449 


78 059 


13,309 


70 860 


25,103 


21, 112 


4), f80 


81 


12,527 


889 12,449 78 059 


13,300 


70 860 


25,108 


21,112 


43,680 


81 












90,662 


8,187 


89,637 


16.511 


















..••- 




50 

353 

1,035 


355 
2,560 
5,812 


50 

353 

1,035 


355 
2,560 
5,812 


2,335 
18,n34 
43,280 


13,040 
14,540 
13,268 


15,140 
31,340 
53,268 


3 







1 


3,775 




1 


9.>S 




■ 


1,438 


8,727 


1,438 1 8,727 1 64,249 


40.848 


96,748 


4,74) 


30,603 
2,375 
1,881 


10,296 
425 
317 


30,603 
2,375 
1,881 




10,296 


30,693 
2,375 
1,881 






261,464 
8,086 


38,469 

2,077 

473 


273,469 
9,337 
5,623 


50,984 




425 
317 





1,168 







5,715 





34,940 


11,038; 34,949 




11,038 


34,949 




275,265 


41,010 


288,429 


52, 152 












1,666 

535 

6,682 


346 1,638 17 

74 535 

277 6,682 | 


457 
124 
414 


2,113 

844 

7,329 


Ill 

50 

137 


475 
309 
647 


17,028 
12,082 
13,565 


10,580 
5,206 
8,320 


25,880 
16,105 
20,520 


1,699 



1,858 


8,872 


697 1 8,855 


17 


995 


10, 28t'> 


298 1 1,431 


42,675 


24,105 


62,505 


3,557 


1 43,«21 


11,735 


43,804 1 17 13,471 


53,962 


1,736 10.158 382,189 


105,0721 449,682 


60,452 


43,821 11,735 43,804 17 13,471 


53,962 


1,736 10,158 1 472,851 114,100 


539,310 


76,963 
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by induMtry tubffroupa, by eharaeUr of power tupply — Continued. 



Poww-supply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current cen- 
ment. 


Coal. 




Total 
horsepower. 


SlectiJc motors. 


, Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 
bitumi- 
nous (short 
tons). 


Coke 
(short 


Number. 


Horse- 
power. 


tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


20 


31 


23 


23 


24 


25 


26 


27 










2,582 


37,000 


2,582 


37,000 


406,248 


865,118 


1,231,118 


180 










2,582 


37,000 


2,582 


37,000 


406,248 


865,118 


1,231,118 


180 




























4,330 


12,777 


16,674 


431 




























493 

562 

1,547 


2,558 

3,371 

11,893 


403 

562 

1,547 


2,558 

3,371 

11,893 


40,226 
14,988 
67,331 


104,961 
42,175 
22,864 


141, 158 
55,675 
83,461 


281 










991 










420 










2,602 


17,822 


2,602 


17,822 


122,545 


169,990 


280,294 


1,692 










3,6219 

11,947 

5,631 


7,910 

1,420 

708 


36,219 

11,947 

5,631 




7,910 

1,420 

708 


36,219 

11,947 

5,631 






43,464 
9,553 
1,914 


50,262 

19,746 

4,957 


89,365 

28,345 

6,679 


1,739 

1,457 
















53,797 


10,038 


63,797 




10,038 


53,797 






64,931 


74,955 


124,389 


3,196 








5,803 

4,550 

15,562 


1,138 

515 

1,812 


5,387 

4,190 

15,562 


506 

360 



1,228 

802 

3,467 


6,014 

5,482 

31,487 


00 

287 

1,645 


627 

1,292 

15,925 


23,631 

12,957 

168,572 


61,506 

41,334 

124,850 


82,854 

53,000 

276,563 


115 
16 
64 


26,005 


3,465 


25,139 


866 


5,487 


42,983 


2,022 


17,844 


205,150 


227,780 


412,417 


195 


79,802 


13,503 


78,936 


866 


18,127 


114,602 


4,624 


35,666 


382,626 


472,725 


817, 100 


5,083 


79,802 


13,503 


78,936 


866 


18,127 


114,602 


4,624 


35,666 


386,966 


485,502 


833,774 


5,514 





















1,648 


1,648 






























133 

181 

3,347 


787 

1,749 

46,366 


133 

181 

3,347 


787 

1,749 

46,366 


14,355 

7,732 

99,563 


23,777 

28,036 

410, 178 


36,877 

34,996 

499,678 


350 





















13,062 










3,661 


48,902 


3,661 


48,902 


121,650 


461,991 


571,351 


14,332 












9,839 

4,506 

52,579 


2,227 

865 

3,629 


9,839 

4,506 

52,579 




2,227 

865 

3,629 


9,839 

4,506 

62,579 






3,901 
1,794 
4,891 


12,108 

7; 163 

14,501 


15,608 

8,783 

18,901 


300 




















66,924 


6,721 


66,924 




6,721 


66,924 






10,586 


33,772 


43,292 


399 










1,806 

1,039 

111,865 


75 

67 

10,260 


723 

1,039 

111,470 


1,083 



395 


99 

236 
20,259 


808 

2,256 

267,788 


24 

169 

10,009 


175 

1,217 

156,318 


2,178 

7,305 

166,061 


14,601 

33.930 

1,137,722 


16,551 

40,501 

1,278,722 


1 



1,694 


114, 710 


10,392 


113,232 


1,478 


20,594 


270,942 


10,202 


157,710 


175,544 


1,186,253 


1,335,774 


1,695 


181,634 


17, 113 


180, 156 


1,478 


30,976 


386,768 


13,863 


206,612 


307,780 


1,682,016 


1,950,417 


16,426 


181,634 


17, 113 


180,166 


1,478 


30,976 


386,768 


13,863 


206,612 


307,780 


1,683,664 


1,952,065 


16,426 


















193 


201 


374 































642 
555 
814 


2,937 
1,576 
4,747 


642 
555 

814 


2,937 
1,576 
4,747 


22,773 
10,163 
17,694 


42,714 
10,446 
20,390 


63,114 
19,546 
36,290 


43 





















74 










2,011 


9,260 


2,011 


9,260 


50,630 


73,550 


118,950 


1 117 












14,401 
2,497 
4,285 


3,885 
526 
338 


14,401 
3(497 
4,285 




3,885 
526 

338 


14,401 
2,497 
4,285 






16,698 

900 




40,666 
2,892 
7,696 


55,666 
3,702 
7,696 


41 




















21,183 


4,749 


21,183 




4,749 


21,183 






17,598 


51,254 


67,064 


41 










2,685 
3,8S9 
8,310 


337 
274 
820 


1,422 
3,084 
8,310 


1,263 

775 




496 

413 

1,094 


2,346 

4,666 

11,644 


ISO 
139 
274 


924 
1,581 
3,234 


6,024 
9,034 
5,522 


19,743 
83,973 


25,143 
52,548 
88,933 







14,854 


1,431 


12,816 


2,038 


2,003 


18,555 


572 


5,739 


20,580 


166,624 


166,624 





36,037 


6,180 


33, 999 


2,038 


8,763 


48,998 


2,583 


14,999 


88,808 


272,968 


352,636 


158 


36,037 


6,180 


33,999 


2,038 


8,763 


48,998 


2,583 


14,999 1 89,001 


273,169 


353,012 


158 
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• 

1 

3 


Size of plant 
(horsepower). 


Establishnii*nt5. 








Power^upply equipment 


• 




\ 


P4 


Num- 
ber. 


Aver- 
age sise 
(horse- 
power). 


Abrogate 
horse- 
power. 




■ 




Prime movers 


• 






1 


Total 
horse- 
. power. 

7 


Stoam engines. 


Steam torbines. 


Intemal-combus- 
tion engines. 


Water wheels. I 


1 


Norn- 
ber. 


Horse- 
power. 


Num- 
ber. 

■ 

10 


Hors^ 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- \ 
power. \ 


1 

1 


3 


4 


5 


6 


8 


D 


11 


12 


13 


14 


"1 




Nop 

8tau 
1 

a 


ower 


32 


1 


















1 




npower only: 


























R2 
41 
11 


111 

298 

1,280 


9,069 
12,273 
14,131 


9,069 
12,273 
14,131 


95 
55 
35 


8^719 

11,068 

7,781 


3 

9 

10 


350 
1,205 
6,350 












[)l-500 








•^^ ^ ^^^aa 




ni »nA fthnvA 
























134 


254 


35,473 


35^473 


185 


27,568 


22 


7,905 




















m 


Pupd 
po, 

21 


based electric 

rer only: 

-200 


687 
25 

7 


30 
270 
749 


20,906 
6,749 
6,243 




















I5 


Dl-500 




















ni tLnA ahnvet 




















M 






















v4 

CO 


719 


46 


32,900 




















• 




















AUo( 
1 

a 


ther power: 
-200.. 


247 
26 
32 


38 

315 

1,655 


9,371 

8,210 

53,107 


4,771 

5»731 

34,077 


40 

40 

105 


3,318 

5,394 

23,491 


2 



10 


87 



4,167 


87 

1 
3 


6H0 

12 

635 


16 

2 

88 


32S 




M-fiOO 




01 and above. .. 


£s784 




Total power... 
Grand total.... 


805 


232 


70,688 


44,579 


194 


32,203 


12 


4,254 


41 


1,327 


56 


e^795 




1,158 


120 


130,061 


80,052 


379 


50,771 


34 


12^150 


41 


1,327 


56 


e,T»5 

^ — 1 




1,100 




139,061 


80,052 


379 


59,771 


34 


12,150 


41 


1,327 


56 


«,7»S| 




Nop< 

Stoaz 
1- 
2( 


n^or 


13 


























opoweronly: 
























72 
40 
42 


130 

333 

2,030 


9^445 
13,331 
85^531 


9^445 
13^331 
85^531 


77 
59 
96 


9^210 
12,781 
52^147 


2 

2 

30 


235 

550 

33,384 








1 
1 




)l-500 












H and above. .. 








JllI-1^-^^1 






154 


700 


106»307 


108,307 


232 


74,138 


34 


34,160 








• - • • 


m 

n 








- "~i 


t 
9 


Fund 

21 
51 


tiased electric 
rer only: 
-200.... 


82 
24 

8 


85 

319 

1,434 


6,089 

7,663 

11, 474 


















\ 


)l-^i00 




















8 


91 and above... 


















-i-:-^-^-^-^^ 




114 


229 


28|126 


















4.019 


•< 


AUo( 
1- 
2( 


Aer power: 
-200.. 


121 
126 
108 


104 

333 

1,770 


12,657 

41,945 

191, 194 


8,804 

31,975 

168^151 


51 
135 
276 


4,402 
19,110 
72,881 


1 

2 

42 


15 

480 

66,270 


9 
3 
3 


278 
130 
554 


77 
157 
193 


S 


)l.^i00 


H and above. .. 




Total power... 
Grand total.... 


355 


692 


245,796 


208^930 


467 


96,483 


45 


66,765 


15 


962 


427 




623 


610 


380,229 


317,237 


694 


170,621 


79 


100^934 


15 


962 

1 „ 


427 






636 




380,229 


317,237 


694 


170^621 


79 


100,934 


15 


962 


427 


• • * * 




No pi 

Steal 
1- 
2( 
5t 


3wer. 


5 
















• 








opoweronly: 
























13 
7 

4 


134 

334 

1,770 


1,748 
2,335 
7,080 


1,748 
2,335 
7,080 


15 

9 

20 


1,748 
2,260 
6,380 




1 
1 




76 

700 








• ^ • • • 
^ • • * 




)1-S00 










11 ftnil AhovA 




















24 


465 


11,163 


11,163 


44 


10,388 


2 


775 










n 








1 


Purcl 
pov 

2( 


biased electric 

rer only: 

-200 


9 
1 
2 


59 

260 

1,711 


533 

260 

3,422 




















)l-fiOO. . 


















^ • * 


.{S 


11 A.nH ahnvA 




















1 




















12 


351 


4, 215 


















5 

• 

















^^— ?^^^^^^ 


Allot 
1- 
2C 
SL 


^er power: 
-200 


15 

7 
7 


32 

296 
2,010 


476 

2,075 

14,070 


255 

1,157 

13,129 


3 

7 

18 


170 

857 

9,167 




4 






2,975 


2 





85 









goo 


» 


ll-«0 




)1 and above. . . 




Total power. . . 
Grand total.... 


29 


570 


16,621 


14,541 


28 


10,194 


4 


2,975 


2 


85 






65 


490 


31,999 


25,704 


72 


20<,582 


6 


3,750 


2 


85 




Z^^^ 




70 




31,999 


25,704 


72 


40,582 


6 


3,750 


2 


85 




I^^^ 
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hy inthutry tuhffroupa, by diaraeter of power iupply — Continued. 



Power-supply equipment— Continued. 


1 

Electrio motors. 


Fuel used. 


' Operated by purchased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bittiml- 

nous (short 

tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse* 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


le 


ZO 


21 


22 


23 


24 


25 


26 


27 
















1 


























........ ..•• 










473 
1,741 
4,880 


1,803 

3,109 

10,263 


473 

1^741 
4,880 


1,803 
3,199 


32,182 
4A.(UR 


21,020 
13,799 
17,244 


49,820 
55,099 
41.644 


20O 


p 



















10,263 i 27;226 







■•••■•*■•• 
















7.004 


15.2115 


7,004 


15,265 1 105,456 


52,063 


146,563 


260 










. 1 wa , 




20,906 
6,749 
5,243 


7,348 
2,160 
1,214 


20,906 
6,740 
5,243 




7,348 


20,909 
6,749 
5,243 






23,446 
7,212 
2,708 


7,672 
2,434 
5,584 


28,672 
8,034 
8,014 


27 




2,160 
1,214 









■ 











32,900 


10,731 


32,000 




10,731 


82,900 






33,366 


15,690 


45,620 


27 












4,600 

2,479 

19,030 


383 

560 

5,311 


1,615 

2,470 

10,030 


2,985 




557 

812 

6,437 


2,130 

3,008 

28,912 


174 

243 

1,126 


515 

529 

9,882 


15,006 
22,074 
82,636 


8,847 
12,570 
99,148 


22,347 

32,370 

173,648 


06 




26,109 


6,263 


23,124 


2,985 


7,806 


34,050 


1,543 


10,026 


119,718 


120,565 


120.565 


228.365 


50,000 


16,004 


66,024 


2,085 


25,631 


82,215 


8,637 26,191 


258,540 


188,318 


420,548 


383 


59,000 


16,004 


56.024 


2,085 


25,631 


82,215 


8,637 


26,101 


258,560 


188,958 


421,214 


383 














' 




10 


1,060 


1,060 






























94 

439 

2,580 


• 

521 

2,435 

51,771 


94 

439 

2,589 


521 

2,435 

51.771 


7,030 
21,367 
64,154 


60,097 

69,234 

268,567 


67,247 

88,434 

326,267 


45 













j 









1 








1 
1 




3,122 


54,727 


3,122 


S4.727 


93,154 


397,898 


481,048 


45 


' 











6,969 

7,663 

11,474 


012 
588 
899 


6,980 

7,663 

11,474 


t 


012 
588 

800 


6,969 

7,663 

11,474 






1,689 

1,768 

550 


14,250 
14,171 
23,851 


15,770 
15,761 
24,301 


2 








877 











26, IX 


2,309 


26,126 




2,309 


26,126 


1 


4,007 


52,272 55,832 


870 




1 






3,853 

9,970 

23,043 


210 

968 

2,150 


2,290 

9,420 

23,043 


1,563 

550 




382 
1,433 
8,140 


2,834 
14,212 
99,264 


163 

465 

5,990 


544 

4,792 
70,221 


2,054 
12,327 
60,663 


37,063 
168, 116 
553,688 


38,933 
170,216 
616,488 


530 

414 

86 


36,866 


3,337 


34,753 


2,113 


9,955 


110,310 


6,618 


75,557 


84,044 


758,887 


834,637 


1,070 


62,992 


5,736 


60,879 


2,113' 15,476 191,163 


9,740 


130,284 181,502 


1,200,067 


1,372,417 


1,094 


62,992 5,736 j 60,879 


2,113 


16,476 


191, 163 


0,740 


130,284 


181,512 


1,210,117 1 1,373,486 


1,904 










1 




178 


7,054 


7,212 





' .' 1." '."'.'. '. .' "Z"', 








( 

1 
1 




37 
103 
388 


426 37 


1 

426 i 1,759 
524 5.712 


11,312 

7 096 

23.841 


12,802 
12,246 
41.441 





1 


524 
3,494 


103 
388 





• . . ..........^ .......... .| ......... 

1 1 


3,494 


19.610 





1 




» -" 1 r \ » 




1 


528 


4.444 1 528 


4.444 


27.081 I 42.240 1 66.670 













533 

260 

3,422 


68 533 
97 2A0 




68 

97 

212 


533 






1 
119 5.424 


6,531 

407 

35,8(M 







260 










'497 
35,804 





212 


3,422 
4.21.'» 


••••""•••* 


3,422 









4.215 


.177 




377 


4.215 


... . 




119 41.725 1 41. 8:^2 





-s,vsv . _., 1 -,__. 




" • " • 




* 




' 


' 




221 
918 
941 


22 

218 
30 


221 
918 
941 , 


22 

223 

1,266 


221 

993 
8,958 




5 

1,236 




75 

8,017 


1,343 
1,140 
6,462 


1,364 

9,828 

123,232 


2,574 

10,858 

120,032 




30) 



2,080 


270 


2,080 





1,511 10,172 


1,241 


8,092 


8,945 


134,424 


142,464 


300 


I 6,205 


647 


6,295 
«,295 





2,416 


18,831 1,769 


12,536 


36,146 


218,398 


250, 875 1 3J0 


6,295 1 647 





2,410 


18,831 1,769 


12,536 


36,323 


225,452 


258,087 300 



63361 •*— 21- 
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hf indiMnf 9uhgroup», by charaeter of power supply — Continued. 



Po^«r-«uppIy equipment— Continued. 


Electric motbrs. 


Fuel used. 


Operated by pundiased energy. 


Total. 


Run bT current gen- 
erated in estabOsh- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 

24 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




10 


17 


18 


IB 


20 


21 


22 


23 


26 


20 


27 


















653 


6,546 


7,068 































233 

480 

2,931 


1,541 

2,596 

29,107 


233 

480 

2,931 


1,541 

2,596 

29,107 


37,050 

16,036 

218,474 


83,395 

53,452 

344,156 


117,305 

67,852 

540,156 


• 























703 




















3,644 


33,244 


3,644 


33,244 


272,459 


481,003 


725,403 


703 








•••••••••- 




6,344 
2,784 

i;i3i 


1,524 

355 

62 


6,344 
2,784 
1,131 




1,524 

355 

62 


6,344 
2,784 
1,131 






21,165 

3,188 

30 


41,451 

21,546 

8,980 


60,351 

24,406 

9,007 


226 






























10,259 


1,941 


10,259 




1,941 


10,269 






24,383 


71,977 


93,764 


226 


t - 










1 

2,063 
3,069 
8,232 


298 
338 
792 


1,695 
2,839 
8,232 


358 
220 


351 

451 

2,297 


2,515 

3,817 

29,819 


53 

113 

1,505 


820 

978 

21,587 


21,300 
43,171 
67,535 


66,367 

58,249 

276,931 


76,467 

, 97,049 

337,531 




91 

196 






13,344 


1,428 


12,766 


578 


3,099 


36,151 


1,671 


23,385 


132,006 


391,547 


510,047 


286 


23,603 3,369 


23,025 


578 


8,684 


79,654 


5,315 


56,629 


428,818 


944, .527 


1,329,214 


1,215 


23,603 


3,369 


23,025 


578 


8,684 


79,654 


5,315 


56,629 


429,501 


951,073 


1,336,302 


1,215 


1 














1,078 





970 


6 


1 
















8 

317 

1,100 


216 
1,957 
9,398 


8 

317 

1,100 


216 
1,957 
9,398 


0,003 
18,747 
58,195 


16,133 
29,347 
19,538 


20,535 
46,210 
71,918 


7 


1 







"'*;.;. 1 




17,408 


1 




r 






1,425 


11,571 


1,425 


11,571 


82,945 


64,018 


138,672 


17,415 










2,625 410 
971 116 


2,625 

971 

2,304 




410 
116 
104 


2,625 

971 

2,304 




^^^ 


1,613 




8,958 
2,487 
6,224 


10,409 
2,487 
6,224 


844 


. 


















1 5,900 


630 


5,900 




630 


5,900 






1,613 


17,660 


19,120 


844 












1 ; 

1,251 99 
14,180 550 


1,315 

1,251 

14,180 


263 




234 

136 

1,028 


1,463 

1,704 

29,045 


53 

37 

469 


148 

453 

14,865 


9,084 

2,695 

31,761 


21,796 
20,950 
48,918 


29,967 
23,330 
77,484 


237 




17,009 


839 


16,746 


263 


1,398 


32,212 


559 : 15,466 


43,540 


91,663 


130,781 


237 


22,909 


1,409 


22,646 


263 


3,453 


49,683 


1,984 1 27,037 


128,098 i 173,350 


288,573 


18,496 


22,909 


1,469 


22,646 


263 


3,453 


49,683 


1,984 


27,037 


129,176 


173,350 


289,543 


18,502 














1 

I 

........ ....!..... ....... 


2,282 


415 


2; 465 


15 


















= 








482 

1,534 

294 


2; 023 
2,662 

868 


482 

1,634 

294 


2,023 

2,662 

868 


17,978 

12,463 

572 


21,368 

20,437 

4,670 


37,568 

31,537 

6^185 





• • m « • • • 









1 























2.310 


5.553 


2; 310 


5.553 


31,013 


46,475 


74,290 















49,332 

1,060 

678 


39,645 
60 
49 


49,332 

1,060 

678 




39,645 
60 
49 


49,332 

1,060 

678 






232; 260 

511 




20^474 

592 




228,474 

1,052 




8^964 


















51,070 


39,754 


51,070 




39.754 


51. 070 






232,780 


21,066 1 229,526 


8,964 












1 

2,363 

681 

3,203 


606 

189 
655 


1,602 

681 

3,203 


761 




668 

426 

1,231 


2,133 
1,620 
6,328 


162 
237 
576 


531 

939 

3,125 


6,550 
3,605 
3,080 


11,449 
15,858 
34,883 


17,349 
19,008 
37,663 


369 




6,247 


1,350 


5^486 


761 


2,325 


10,081 


975 


4,505 


13,144 


62; 190 


74,020 


360 


1 57,317 


41,104 


56,556 1 761 


44,389 


66,704 


3,285 


10,148 


276,937 


129,731 


377,836 


9,333 


57,317 


41,104 


56,556 1 761 


44,389 


66,704 


3,285 


10,148 


279,219 


130,146 


380,301 


9,348 
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Tablb 46. — Meehanieal power-tupply equipment and fuel uaei 





>; 

! 


Sise of plant 
(horaepower). 


EetabUshments. 








Power-supply equipment 


• 






1 

■r 


Nmn- 
ber. 


Aver- 
age tixe 
(horse- 
power). 


Aegregate 
horae- 
power. 








Prime movers. 






ToUl 
horse- 
power. 


Steam enginefl. 


Steam turbines. 


Internal-combus- 
tion engined. 


Water wheels. 


1 


Num- 
ber. 


Hone, 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Hone- 
power. 


Num- 
ber. 


HarMV 
power. 


1 


2 


3 


4 


ff 


6 


7 


8 


9 


10 


11 


12 


18 


14 


15 




fNop 

Steal 

1 

a 


ower 


151 

37 
3 
5 


















. 








npoweronly: 


103 

329 

1,953 


3,797 

986 

9,765 


3,797 

986 

9,765 


42 

6 

38 


3,722 

720 

8,365 


1 
2 
2 


75 

266 

1,400 






1 




31-500 






1 




ni atm) ahnvA 




















45 


323 


14,548 


14,548 


86 


12,807 


5 


1,741 






1 








'** 


1 


Pure 

a 

5L 


haned electric 

irer only: 

-200 


582 
6 
5 


9 

314 

1,013 


5,436 
1,883 
5,064 




















91-500 












1 






■♦* 


Dl and AhovA 



















\s 












1 






'B 


503 


21 


12,383 




















® 




















3 

« 


AUo( 
1 
2 



ther power: 
-200 


60 

13 

6 


385 
2,238 


2,612 

5,000 

13,426 


2,046 
2,992 
3,952 


12 
13 
71 


745 
2,226 
3,950 



2 





300 




■ 

32 


1 


636 


2 


16 
4 



665 

467 




91 


01^500 

01 and above. . . 




Total power... 
Orand total.... 


79 


266 


21,038 


8,990 


96 


6,920 


2 


300 


33 


638 


20 


1,133 




717 


67 


47,969 


23,538 


182 


19,727 


7 


2,041 


33 


638 


20 


1,133 




868 




47,969 


23,588 


182 


19,727 


7 


2,041 


33 


638 


20 


1,132 




(Steal 
1 
2 
6(_ 


n power only: 


3 

1 
14 


90 

450 

5,340 


275 

450 

74,814 


275 

450 

74,814 


7 

1 

189 


275 

450 

54,604 




7 






20,120 


I 








01-500 




. -_ 






Jt 


ni and fktvkVA 








K 


■ 


«• " ••••••• 






1 


18 


4,300 


75,539 


75,539 


197 


65,419 


7 


20,120 








1 


All 01 
2 


ther power: 
01-500 


1 
8 


460 
13,480 


460 
107,834 


410 
107,446 


8 
56 


410 
30,015 



3 



2,900 



39 



74,405 




4 



136 


01 and above... 


* 


Total (power) . 





12,030 


108,294 


107,856 


58 


30,425 


3 


2,900 


39 


74,405 


4 1 128 




27 


6,800 


183,833 


183,395 


255 


85,844 


10 


23,020 


39 


74,406 


V .1» 


■ 


Steal 
i 
2 
5L 


npoweronly: 


1 

3 

40 


1 

290 

4,630 


no 

870 
185,261 


110 

870 

185,261 


2 

15 

513 


110 

870 

151,013 






44 






34,248 


1 








)l-500. 


•••••••> ■■*■■«»• * 








fll fund a.hnva 











^ 








J 


1 


44 


4,240 


186,241 


186,241 


530 


151,993 


44 


34,248 


1 








Purd 

pov 

1- 

2 


tiased electric 
irer only: 
-200 


10 
2 
6 


152 

356 

2,040 


1,524 

712 

12,245 












i 






«fl 


91-500 










...!.!!!*."|..;!!'.!]i!!!!!! 


......... 


1 


[11 ttTiH nVwwn 










. . , . _ 1. , . 
















1 

1 






•S 


18 


804 


14,481 












t.... 




1 


@ 


















1 

OQ 

4i 


Allot 
1 

2 

5( 


ttacr power: 
-200 


3 

5 

42 


110 

370 

8>780 


331 

1,841 

368,772 


235 

1,728 

301.739 


4 

16 

597 


235 

1,728 

199,964 



16 
94 




1,728 

41,093 






25 






59,747 




8 






935 


91-500 


Dl and above... 


Total (power). 

Steam power only: 
501 and above... 

All other power: 
501 and above. .. 

Total (power). 


50 


7,418 


370,944 


303,703 


617 


201,927 


94 


41,093 


25 


59,747 


8 


935 




112 


5,100 


571,666 


489,943 


1,147 


353,920 


138 


75,341 


25 


50,747 1 


8 


935 




2 


1,343 


2,685 


2,085 


12 


2,685 










1 














3 


22,807 


68,421 


19,900 


40 


14,400 


G 


5,000 


2 


oOO 









5 


14,221 


71,106 


22,585 


52 


17,085 





5,000 


2 


500 
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hy induMtry mbgroup$, by th&meUr of power fupply — Continued. 



Powiep«appl7 equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current gen- 
erated in estabfish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

nous (short 
tons). 


Coke 

(short 

tons). 


Number. 


Horse- 
power. 


Nimiber. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


1 

18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


















309 

6,511 

1,622 

14,919 


60 

16,236 
23,770 
79,822 


338 

2^096 
25,140 
03»222 


4 








* 


96 
206 
776 


726 
1,146 
7,102 


96 
206 
776 


725 
1,145 
7,102 


1 14S 










1 4M 










1,072 


















1,077 


8,972 


1,077 


8,972 


22^952 


119,828 


140,458 


3,678 




1 






5^436 
1,883 
5; 064 


X064 
154 
396 


6,436 
1,883 
6,064 




2; 064 
154 
396 


6,436 
1,883 
6,064 






3,396 
344 
679 


11,702 

&495 

17,991 


14^762 

8,806 

18,621 


165 








50 








62 




............ 


....... 




12; 383 


2; 614 


12; 383 




^614 


1^383 




^ 


4,318 


88,188 


42,088 


267 


666 
2,008 
9,474 


186 
170 
694 


399 
2,008 
9,474 


167 




186 
195 
607 


399 
2,167 
9,481 




25 

3 




159 

7 


1,176 

8 

23,582 


2,309 
27,838 
45,606 


8,369 
27,845 
66^705 




53 




12; 048 


960 


11,881 


167 


978 


12; 047 


28 


166 


24,766 


76^652 


97,919 


63 


24,431 


3,664 


24,264 


167 


4,660 


33,408 


1,105 


9,138 


52,035 


233,668 


280,465 


3,998 


24,431 


3,664 


24,264 


167 


4,660 


33,402 


1,106 


9,138 


52,344 


233,728 


280,803 


4,002 




• 






2 



407 


100 



16,513 


2 



407 


100 







744 

1,600 

209,196 


744 

1,600 

233,696 


54,977 

75,000 

1,366,358 


















16,513 i 27,330 


















400 


16,613 


400 


16,613 


27,330 


211,440 


236,940 


1,496,336 










60 
388 


1 
8 


60 
388 






1 
306 


60 
65,065 



298 



64,667 



13,186 


1,400 
60,614 


1,400 
72,414 


70,000 
1,604,486 


438 


9 


438 





307 


65,105 


298 


64,667 


13,186 


62,014 


73,814 


1,674,486 


438 


9 


438 





716 


81,718 


707 


81,280 


40,516 


273,454 


309,754 


3,170,821 










1 

101 

4,303 


16 

1,480 
83,340 


1 

101 

4,203 


15 

1,480 

83,349 




148 
101,584 


666 

23,640 

1,434,681 


666 

23,674 

1,626,007 













8,407 
19,607 


























4,305 


84,844 4,305 


ovy o44 


101,732 


1,458,677 


1,560,237 


23.004 












1,524 

712 

12,245 


79 

62 

327 


1,624 

712 

12,245 




79 

62 

327 


1,624 

712 

12,245 






141 

81 

952 


1,417 

73 

19,302 


1,543 

146 

20,157 


276 

















2,174 








14,481 


468 


14,481 




468 


14,481 






1,174 


20,792 


21.846 2.450 










96 

113 

OT,033 


13 

11 

6,683 


96 

113 

66,783 






260 


13 

56 

18,236 


96 

357 

412,418 



44 

12,863 




244 
345,635 




160 

418,215 


2,400 

19,920 

2,047,270 


2,400 

20,065 

2,423,668 


2,000 

926 

60,313 


67,242 


6,607 


66,992 


250 


18,304 


412,871 


12,607 


345,635 


418,365 


2,069,600 


2,446,123 


63,244 


81.723 


6,075 


81,473 


250 


23,077 


512,196 


17,002 


430,723 


521,271 


3,549,059 


4,018,206 


88,698 










264 


11,631 


264 


11,531 


23,178 


6,994 


27,794 


1,602 










48,621 


2,396 


48,521 





3,660 


73,836 


1,264 


25,314 


9,620 


209,735 


218,385 


18,778 


48,621 


2,396 


48,521 

< 





3,924 


86,366 


1,528 


36,845 


32,798 


216,628 


246,170 


20,380 
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Tablb 46. — Medumad powr^mipplig equipment and fuel used 





i 


Biie of plant 
(lioraepower). 




Power^upply equipment. 


1 


Num- 
ber. 


Aver- 
age sUe 
(boree- 
power). 


Anregate 
norae- 
power. 








Prime movers 


> 








9 

■1 


Total 
borae- 
power. 


Steam engbiei. 


Steam turbines. 


InteniakKmibaa- 
tionengiiies. 


Water wbeels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


a 


3 


* 


A 


6 


7 


8 


e 


10 


11 


la 


13 


14 


15 




Nop 

St«U 

1 
a 


ower 


40?! 






















nppwer only: 


452 
87 
72 


71 

333 

1,920 


32,166 

29,030 

138,062 


32,166 

29,030 

138,062 


535 
174 
337 


31,718 
27,045 
70,878 


9 
16 
79 


453 

1,065 
67,174 












ftl-fiOO 










• 


ni avt^ aKAVTA 










•«« 


Ov« •••«%» w^Tw« • • 












611 


326 


199,248 


199,248 


1,046 


129,636 


104 


69,612 










1 
1 










Pure 
po, 

2 


based electric 
irer only: 
-200 


8,T0l 
142 
103 


26 

312 

1,050 


96,580 

44,489 

118,676 




1 
















n 


Dl-fiOD 




















1 


m *n/1 aKava 








































1 


3,946 


655 


258,745 






































AUo 
1 

a 

5 


ther power: 
-200.. 


1,341 
165 
155 


40 

320 

2,290 


54,293 

52,501 

354,363 


38,753 

32,872 

206,706 


319 
215 
465 


16,741 

24,009 

111,466 


7 
12 
54 


286 
- 785 
77,578 


960 
56 
63 


15,827 

2,978 

10,622 


167 
75 
71 


5,899 
5,040 
9,0«3 


D1->S00 


-< 


01 and above... 


Total power... 
Grand total.... 


1,661 


278 


461, 157 


280,333 


999 


162,275 


73 


78,649 


1,079 


29,427 


313 


19,982 


6,218 


148 


019, ISO 


479,581 


2,045 


281,911 


m 


148,261 


1,079 


29,427 


313 


19,982 




6,625 




919,150 


479,581 


2,045 


* 281,911 


177 


148,261 


1,079 


29,427 


313 


19,962 




1 
Nop 

Steal 

1 
5 


tower 


107 





















"*'"****i***"*""** 




mpower only: 


1,000 
9 


38 
314 


41,477 
2,827 


41,477 
2,827 


1,189 
18 


41,117 
2,827 


8 



360 







1 

1 




BOi-^OO 






















1,090 


40 


44,304 


44,304 


1,207 


43,944 


8 


360 


















• 


Pur 
5 


ibased electric 
wer only: 
1-200 


54 

2 


46 
378 

1 


2,475 
757 


















1 

1 


i 

1 


N)l-liOO 
















1 


















t 




56 


58 


3,232 
















I 


^ 




















i 


All( 

1 

i 


>tber power: 
1-200 


466 

15 

5 


44 

278 
806 


20,476 
4,179 
4,031 


19,681 
3,407 
3,896 


103 
16 
54 


4,032 
2,260 
2,786 


1 

2 


25 



700 


211 
9 
3 


4,557 

423 

10 


364 

14 

2 


11,067 
724 
400 




D1-500 




)01 and above... 




Total power... 
Grand total.... 


486 


59 


28,686 


20,984 


173 


9,078 


3 


725 


223 


4,990 


380 


12,191 




1,641 


46 


76,222 


71,288 


1,380 


53,022 


11 


1,085 


223 


4,990 


380 


12, 191 




1,748 




76,222 


71,288 


1,380 


53,022 


11 


1,085 


223 


4,090 


380 


12,191 




No I 

Stea 

] 

« 


>ower 


803 


























m power only: 




















i 


i 


509 

81 
24 


84 

303 
800 


42,605 
24,502 
21,340 


42,695 
24,502 
21,340 


549 

121 

77 


42,265 
24,242 
17,835 


5 
2 

8 


440 

260 

3,505 








101-500 








! 


SOI And AhovA. . 














* 


614 


144 


88,537 


88,537 


747 


81,332 


15 


4,206 




1 




a 




1 




Pure 

po 

< 


diased electric 

wer only: 

1-200 


1,621 

30 

4 


24 
196 
743 


39,653 
8,867 
2,973 












1 

I 

1 




^ 


201-500 






1 






J 1 - - - 


M 


tfll and ahnvA . 




1 






"::'::::::i::::::::'::::::::: 


■8 






•*•* |........ 








5 


1,655 


31 


51,493 




! 






1 








.... 








5,500 
< 1,399 
1 613 


1 


AU( 

] 

4 
1 

< 


>ther power: 
1-200 


723 
60 
17 


44 

296 

1 845 


32,072 
17,764 
14,445 


23,888 
12,372 
10,320 


1 

225 
84 
57 


13,524 

10,850 

9,648 


2 


1 


30 



150 


327 
5 
2 


4,834 

114 

9 


178 
! 27 

1 e 


H 


101-500 


1 


M)l and above. . . 


Pm 


Total power. . . 

Grand total. . . 

1 


800 


! 80 


64,281 


46,580 


366 


33,931 


1 

1 3 


180 


334 


4,957 


> 211 


7,512 


• 


3,069 


66 


1 204,311 


1 135, 117 


1 1,113 


1 118,263 
118,263 


1 18 


4,385 


334 


4,957 


1 211 


7,512 


^N 


3,872 




204,311 


135,117 


; I.IW 


! ^« 


! 4,385 


334 


4,957 


1 211 


7,512 
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by ifujhutry subffroups, by chander of power nippfy— CSontinued. 



Powereupply equipment— CoDtliuied. 


Electric motors. 


Fuel used. 


Operated by purdiased energy. 


Total. 


Run by current een- 
erated In establish- 
ment. 


Coal. 




Total 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Ck>ke 
(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


SO 


81 


28 


83 


84 


8A 


86 


87 


















4,230 


3.304 


7,114 


1,077 


























1,213 
1,900 
9,491 


8,713 

10,738 

133,800 


1,213 
1,000 
0,401 


8,713 

19,738 

133,800 


60,628 

40,664 

243,808 


153,024 
105,087 
506,265 


216,564 
141,087 
817,865 


48,561 

24,465 

113,638 


































12,604 


162,251 


12,604 


162,251 


354,100 


858,176 


1,176,416 


186,664 


* 


.. 








96,580 

44,480 

118,676 


13,971 

4,158 

10,144 


95,580 

44,489 

118,678 




13,971 

4,158 

10,144 


05,580 

44,480 

118,676 




9 


66,177 
24,835 
32,458 


102,742 

58,478 

147,478 


162.242 

80,778 

176,578 


100,625 








31,114 








63,706 








258,745 


28,273 258,745 




28,273 


258,745 






123,465 


308,608 


410,508 


204,447 










15,540 

19,629 

145,655 


1,654 
1,726 
9,083 


13,033 

19,454 

145,455 


2,507 
175 
200 


2,331 

2,686 

14,068 


17,617 

30,564 

206,497 


677 

060 

4,075 


4,584 
11, 110 
61,042 


43,195 

40,068 

152,280 


101,056 
137,558 
031,306 


140,056 

173,558 

1,068,000 


38,735 
30,182 
05,100 


180,824 


12,473 


m,942 


2,882 


19,085 


254,678 


6,612 


76,736 


235,563 


1,160,920 


1,381,614 


173,116 


439,560 


40,746 


436,687 


2,882 


59,962 


675,674 


10,216 


238,987 


713, 128 


2,336,704 


2,077,628 


564,227 


439,560 40,746 


436,687 


2.882 


59,962 


676,674 


10,216 1 238,087 


717,358 


2,340,006 


2,084,744 


565,304 


1 
. ...........1.......... 

















1.105 


1 10S 





( 
























10 
20 


65 
415 


10 
20 


65 
415 


1,012 



2,183 
1,897 


3,000 
1,807 


20 








80 






















30 


480 


30 


480 


1,012 


4.080 


4,087 


100 








...... 


, 7 






2,475 
757 


116 
64 


757 




116 
64 


2,475 
757 






11 



100 



no 




















« ■ * • 






3,232 180 


3,232 




180 


3,232 






11 


100 


110 













795 
772 
135 


39 
99 
13 


730 
772 
135 


65 




45 
135 
146 


750 
1,052 
2,341 


6 

36 

133 


20 

280 

2,206 


109 



25 


184 

1,705 

12,054 


202 

1,705 
12,076 






166 


1,702 


151 


1,637 


65 


326 


4,143 


. 175 


2,506 


134 


13,943 


14,073 


166 




4,860 


65 


536 


7,855 


205 


2,986 


1,157 18,123 


10,170 


275 


4,934 


331 


4,860 


65 


536 


7,855 


205 


2,986 


1,157 


19,228 


20,275 


275 


















3,006 


1,405 


4,195 


1 




























400 

1,100 

888 


3,186 
0,068 
0,661 


400 

1,100 

888 


3,186 
9,068 
0,661 


35,521 
6,057 
4,665 


75,806 
87,430 
44,477 


107,864 
92,894 
48,675 


854 










1,220 










1.242 










» I ' 










2,397 


21,015 


2,397 


21,915 


46,243 


207,812 


249,433 


3,326 












39,653 
8,867 
2,973 


6,406 
961 
320 


39,653 
8,867 
2,973 




6,406 
061 
320 


30,653 
8,867 
2,973 






13,770 
897 
870 


13,524 
1,620 
2,204 


25,926 
2,437 
3,077 


1,636 








3,000 



















61,493 


7,687 


51,493 




7,687 


51,493 






15,546 


17,447 


31,440 


4,735 










8,184 
5,392 
4,125 


864 
504 
318 


5, 114 
5,142 
4,125 


3,070 

250 




1,008 
823 
722 


6,608 
7,010 
7,937 


234 
310 
404 


1,494 
2,768 
3,812 


0,062 
3,262 
7,215 


31,047 
25,230 
41,888 


40,947 
28,174 
48,379 


1,141 

1,678 




17,701 


1,686 


14,381 


3,320 


2,643 


22,455 


957 


8,074 


20,439 


00,074 


117,500 1 2,819 


60,194 


9,373- 


65,874 


3,320 


12,727 


05,863 


3,354 


20,980 


82,228 1 324,333 


308,373 


10,880 


69,194 


9,373 


65,874 


3,320 17,727 | 95,863 3,354 


29,989 


85,324 


325,738 ! 402,568 ! 10,881 
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Table 46. — Mechanical power-iUpply equipment and fuel tued 





• 

e 


1 

! 

Biie of plant 
(lionepower). 


Establishments. 








Power-supply equipment 


1 






d 


Nmn- 
ber. 


Aver- 
age slse 
(norso- 
power). 


Asgregate 
horse- 
power. 








Prime movers 


t 






g 


Total 
hors^ 
power. 


Bteam enclnes. 


Steam turbines. 


Intemal<omlnu- 
tlon engines. 


Water wheels. 


3 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


8 


4 


5 


6 


7 


8 


9 


10 


11 


19 


13 


14 


15 




Nop< 

1- 
21 


ower 


14 
























• 


-200 


60 
27 

17 


98 

291 

1,280 


6,710 

7,895 

21,784 


6,710 

7,895 

21,784 


82 
56 

49 


6,510 

7,596 

18,147 


4 

3 

15 


200 
300 

8,637 










1 


)I-fiOO 












ni An<t ultAVA 1 




::;::::::::: ::::::i 




e 














113 


322 


36,389 


36,389 


187 


27,252 


22 


9,137 










1 








Pure 

1 
2 
6- 


based electric 

ireronly: 

^200 


94 

12 

2 


55 
383 
586 


5,123 
4,603 
1,173 














1 




"C 


01-500 










..«••..••.. 










p 


m Anri Ahnva 




















** 






















"S 


108 


101 


10^899 




















i 






















AUc 

1 
2 


iher power: 
-200.T 


03 
50 
18 


96 

295 

IjlOO 


6,061 
14»772 
19,806 


4,230 
9,819 
8,047 


55 
82 
32 


4,017 
9,155 
7.600 












5 
3 

1 


73 

835 

20 


3 

4 
5 


140 
339 
527 


& 


01-fiOO 


i 


01 and above. . . 


Total power. . . 
Grand total.... 


181 


310 


40,641 


22,096 


169 


20^672 








9 


428 


12 


998 


• 


852 


250 


87,929 


58,485 


356 


47,924 


22 


9,137 


9 


428 


12 


996 




866 




87,929 


58,485 


356 


47,924 


22 


9,137 


9 


428 


12 


906 




1 

Nop 

Staai 

1 
2 


ower ... 


521 


























mpower only: 


























151 

10 

8 


84 

320 

1,827 


12,629 

6,095 

14,620 


12,629 

6,095 

14,620 


163 
32 
19 


12,629 
6,055 
5,025 




1 
10 




40 

9,595 




s 








01-600 












m AnH fthnVA 










• 










• ^ • " 


a 


178 


187 


33,344 


33,344 


214 


23,709 


11 


9,635 










1 










Pure 

PC. 

a 

4 


based electric 

srer only: 

-200 


1,750 

20 

5 


11 

293 

1,068 


18,799 
5,863 
5,289 


















. .. ••••'•• 


J 


101-500 


















^ 


Al and Above 





















Q 




















b 


1,775 


17 


20,951 


















.. - • 


s 


















s 


Alio 
1 


itber power: 
-200 


367 

30 

6 


33 

312 

1,066 


1 

12,174 
9,362 
5,331 


3,522 
6,605 
2,605 


44 

38 
11 


2,488 
4,670 
2,505 



7 





1,366 




75 




871 




9 
6 



IfiS 



X)l-500 


S 


iOl and above. . . 




Total power... 
Grand total.... 


402 


67 


26,857 


12,632 


93 


9,663 


7 


1,355 


75 


871 


15 


743 




2,355 


38 


90,152 


45,976 


307 


33,372 


18 


10,990 


75 


871 


15 


VA 




2,876 




90,152 


45,976 


307 


33,372 


18 


10,990 


75 


871 


15 


'^"""^ 




Stea] 
1 

t 


mpower only: 


10 
17 
33 


* 

172 

345 

2,060 


1.720 

5,876 

67,879 


1,720 

5,876 

67,879 


IS 

46 

251 


1,720 

5,376 

52,461 




2 

20 




600 

16,418 












901-500 








^ • • • • " 




iOl and above . . . 








^ „ 












- 


• 


60 


1,258 


75,475 


75,475 


315 


69,557 


22 


15,918 









^^^^j^::::: 


1 


Pure 


hased electric 

wer only: 

-200 


3 
3 
5 


136 

347 

1,009 


409 
1,040 
5,047 


















^ _ 


»l-500 


















^ ^ 


iOl and above. . . 


















^ • • • • • 


1 




















— 


11 


600 


6,490 


















^ 


! 


Alio 
1 

2 


)tber power: 
-200.. 


33 

55 

138 


2r>4 

338 
2,700 


6,737 

18,506 

374,782 


6,624 

16,023 

327,901 


55 

82 

633 


4,204 

9,208 

111, 858 




1 
38 




150 

21,988 




4 
11 




60 

1,746 


60 

89 

543 


2,4» 


• 


iOl-500 




s 


iOl and above... 




Total power... 


226 


1,770 


400,115 


350,548 


770 


125,270 


39 


22,138 


15 


1,796 


682 


201,3*^ 




297 

1 


1,620 


482,086 


426,023 


1,085 


184,827 


61 


38,056 


15 


1,796 


682 


"^^ 
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P(m«r«ipply equipmaDt— Conttiiiied. 


Electric motors. 


Fuel used. 


Operated bj purcbaaed energy. 


Total. 


Bon bv current gen- 
erated in esUblbh- 
ment. 


Coal. 




Total 
horsepower. 


Bleetrio motors. 


Other 
(horae- 
power). 


• 

Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

mtuml- 

nous (short 

tons). 


Coke 
(short 


Number. 


Horse- 
power. 


Number. 


Horse- 
power, 


tons). 


Number. 


Horse- 
power. 




16 


17 


18 


19 


90 


21 


93 


33 


34 


3ff 


36 


37 


















025 


762 


1,594 


94 








' 


60 

96 

1,696 


713 

987 

23,541 


60 

96 

1,698 


713 

037 

23,541 


3,916 

9^871 

36,609 


80,564 

62,323 

170^468 


34,092 

71,328 

194,417 






















........^. 


58 














• 






1,854 


25^191 


1,854 


25,191 


40^396 


263,855 


299,832 


58 












5,123 
4,603 
1,178 


608 

387 

33 


6,123 
4,608 
1,173 




603 

337 

33 


5^123 
4^603 
1,173 






2L586 


30^506 

31,370 

1,808 


4 

23,835 

31,720 

1,802 


2.000 








407 


300 






















10,899 


973 


10^899 




073 


ifl^aoo 




I 3,083 


43,577 


46,357 


2; 200 


1,831 

4,953 

11,761 


130 
864 

545 


1,468 

4,963 

11,761 


363 




175 
483 
810 


2,006 

6,656 

14,344 


45 
129 
265 


538 
1,708 
2,583 


4,243 
14,558 
14,043 


32; 705 
53,315 
47,673 


26,611 
66,310 
61,119 


60 
8 


18,545 


1,029 


18^183 


863 


1,468 


23,006 


439 


4,824 


33,744 


133,683 


154,040 


68 


28^444 


%001 


38^061 


863 


4,304 


59^096 


2^293 


30,015 


77,223 


430^615 


500^238 


2,826 


39^444 


3,001 


39,061 


863 


4,394 


59^096 


2^393 


30^015 


78,148 


431,377 


501,832 


2,420 






• 












1,153 


470 


1,505 


1 












•••••• • ••• 












i 


456 

403 
1,838 


2,409 
2,701 
9,048 


456 

403 

1,838 


2,409 
2,701 
0,948 


17,223 

8,422 

12,020 


44,373 
13,437 
63,538 


50,872 
30,967 
73,338 


443 






■ 









1 





















3,697 


15,058 


3,697 


15,058 


37,674 


130,327 


154,187 


443 












18,799 
5,863 
5,389 


5,007 

1,315 

607 


18,799 
5,863 
5,389 




5,007 

1,315 

607 


18,799 
5,863 
5,289 






15,352 
3,852 
1,885 


26,731 

11,317 

7,340 


40,631 

14,777 

0,080 


307 




























39,961 


6,839 


39,961 




6,839 


29,961 






21,089 


45,378 


64,438 


307 










8,653 
3,747 
2,836 


606 
533 
808 


3,650 
3,747 
3,836 


6,003 




675 
649 
383 


2,946 
3,612 
8,283 


70 

116 

25 


296 
865 
467 


2,715 
3,680 
2,896 


13,143 

27,798 

8,642 


15,408 
31,103 
11,343 


196 




14,335 


1,446 


8,333 


6,003 


1,657 


9,841 


311 


1,618 


* 9,291 


40,578 


57,748 


106 


44,176 


8,375 


38,174 


6,002 


11,183 


54,850 


2,908 


16,676 


68,054 


215,283 


276,363 


815 


44,176 


8,275 


38,174 


6,002 


11,183 


54,860 


2,906 


16,676 


09,207 


215,753 


277,868 


816 


1 








3 

34 

757 


159 

1,013 

11,392 


2 

34 

757 


159 

1,013 

11,392 


5,175 

8,871 

36,313 


4,068 

73,801 

677,183 


0,618 
too! 783 
























1,818 




















798 


12,564 


703 


12,564 50,359 


756,042 


801,258 


1,318 












409 
1,040 
5,047 


39 

36 

103 


409 
1,040 
5,047 




30 

36 

103 


409 
1,040 
5,047 




1 


4^364 
652 


2,000 

2,555 

31,788 


5»840 

3,140 

81,788 









1 

























6,496 


167 


6,496 




167 


6,496 




1 


4,016 


36,343 


40,768 











* **' 




113 

3,573 

46,881 


6 

134 

1,543 


113 

3,573 

45,371 






1,510 


19 

174 

3,302 


255 

3,366 

80,697 


13 

50 

1,660 


142 

703 

44,326 


11,613 

15,861 

463,652 


35,348 

78,855 

849,164 


45,848 

03,055 

1,266,164 



533 

8,173 


49,667 


1,673 


48,067 


1,510 


3,305 


03,318 


1,723 


45,261 , 491,116 


963,367 


1,405,067 


8,606 


1 56,063 


1,830 


54,553 


1,510 


4,355 


112,378 2,516 


57,826 546,301 


1,755,752 


2,247,067 


10,013 
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* Tablb 46. — UtdkanitaX pavxr-^tupply equipment and fuel uwrf 





• 

1 
1 

•3 


Slie of plant 
(taofs^Mwer;. 


Eatabliahments. 


Power-flupply equipment. 


t 


Num- 
ber. 


Aver- 
amalie 
(hor8e> 
power). 


Asgregate 
horse- 
power. 








Prime movers 


■ 








5 

i 


Totol 
horae- 
power. 


Steam engines. 


Steam turbines. 


IntemaKoombna- 
tion engines. 


Water wlieela. 


Num- 
ber. 


Horae- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horae- 
power. 


Num- 
ber. 


Hone- 
power. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


lA 




Nop 

Steal 

1 
•1 


ower 


05 






















•■•«••••« 




npower only: 


50 
13 
11 


63 

312 

1,303 


3,164 

4,066 

14,339 


3,164 

4,065 

14,329 


62 
25 
82 


3,034 
4,055 
7,667 


2 



16 


140 



6,772 












ni-jtfM 












fiOl and abore. . . 




















-• 


74 


aoo 


21,648 


21,648 


109 


14,686 


18 


6,oia 










1 




.... 






Pmd 

PC, 

a 


baaed electric 

reronly: 

-200 


807 
10 

1 


18 
303 
846 


H105 

3,028 

846 




















8 


Dl-SOO 




















a 


m AfiH aHmrm 




















S 






















a 


818 


22 


18,009 




















s 




















1 


AUo1 

a 


ther power: 

-aoo.. 


lao 

12 
5 


37 

337 

1,403 


4,758 
4,048 
7,464 


3,364 
2,630 
4,501 


34 
16 
11 


1,031 
1,956 
2,661 




1 
1 




36 

1,500 


64 

1 



919 

4 



12 
7 
3 


514 
635 
350 


• 


01-500 


S 


01 and above. . . 




Total pofrer... 
Orand total 


146 


112 


16,270 


10,405 


60 


6,538 


2 


1,535 


66 


923 


22 


1,409 




1,088 


54 


65,887 


32,043 


169 


21,174 


20 


8,447 


66 


923 


22 


1,409 




1,133 




66,887 


32,043 


109 


21,174 


20 


8,447 


66 


923 


22 


1,499 




1 

Nop< 

Steal 
1 

a 


ower. ... ...... 


2,504 
















■■- ■ \ 










n power only: 




.... 






















56 
14 
12 


63 

312 

1,150 


2,927 

4,371 

13,794 


2,927 

4,371 

13,794 


60 
30 
47 


2,917 

4,146 

13,674 


1 
1 
2 


10 
225 
220 












01-600 












ni A.nd AhAVA 






















• 


81 


201 


21,092 


21,092 


137 


20,637 


4 


466 










c 






" 




i 


Pure] 

a 

6L 


based electric 
If er only: 
-200.... 


6,333 
42 
17 


16 

297. 

1,040 


97,799 
12)531 
17,781 




















p. 


Ol-'dOO 




















"S 


Ql and ahava 




















OS 






















1 


6,882 


ao 


128,111 






































AUiX 
1 

a 

5 


ther power: 
-200.. 


462 

12 

9 


17 
273 

888 


7,980 
3,284 
7,989 


4,963 
1,560 
4,106 


46 
10 
28 


2,453 

965 

3,805 


2 

1 


42 



200 


833 
6 
1 


2,171 
196 
100 


16 
8 



287 

400 




i 


Ol-fiOO 

01 and above. . . 




Total power... 
Orand total 


483 


40 


19,253 


10,618 


84 


7,223 


3 


242 


339 


2,466 


24 


687 




6,066 


! 24 


168,456 


31,710 


221 


27,860 


7 


607 


339 


2,406 


24 


687 




9,480 


168,456 


31,710 


221 


27,860 


7 


607 


339 


2,466 


24 


687 




Nop 

Steal 
1 

a 


ower 


121 


























n power only: 


























77 
37 
46 


1 

87 

338 

1,246 


6,716 
12,615 
57,296 


6,715 
12,515 
67,296 


160 
198 
390 


6,570 
12,027 
66,602 


2 

6 

16 


145 

488 

1,794 












01-500 












Ql andftbovA... 






















• 


160 


480 


76,526 


76,626 


738 


74,099 


23 


2,427 










fi) 










1 


Purd 
po, 

5 


baaed electric 

^er only: 

-200 


015 
1 


5 
525 


4,964 
525 




















•o 


01 and above... 




















i 

i 






















916 


6 


5,479 






































1 


AllG 

1 

a 


ther power: 
-200 


170 
40 
17 


34 
327 
770 


5,826 
13,071 
13,032 


4,544 

10,841 

9,851 


115 
234 
138 


3,968 

10,490 

9,245 


1 
2 
3 


6 

150 

6 


96 


554 

160 



20 

13 

1 


27 
41 


01-500 


r* 


01 and above... 


600 




Total power... 
Grand total.... 

1 


227 


140 


31,929 


25,236 


487 


23,693 


6 


161 


102 


714 


34 


068 




1,303 


88 


113,934 


101,762 


1,225 


97,792 


29 


2,588 


102 


714 


34 


668 




1,424 





113,934 


101,762 


1,225 


97,792 


29 


2,588 


102 


714 


34 


668 
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by induttry mibgroupa, hy charader of power tupply — Continued. 



Power-8iq>ply equipment— Comtiniied. 


Electric motors. 


Fuel used. 

\ 


Operated by pnTrfieited energy. 


• 

Total. 


Run by current gen- 
erated in estabfish- 
ment. 


Coal. 




Total 
horsepower. 




Other 
(horse- 
power). 


Anthndte 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 
tons). 


Number. 


Hone- 
power. 


Numbv. 


Horse- 
IK>wer. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


90 


91 


99 


98 


94 


98 


96 


97 


















166 


301 


441 















^__^_______ 
















188 

800 

1,651 


786 
2^727 
9^388 


188 

800 

1,661 


786 
2^727 
9,338 


^608 

7,896 

36,131 


10^895 
13.604 
47,028 


18^646 
20^704 
79,528 


200 





















676 




















2; 530 


13^851 


2,630 


12^851 


62; 529 


71,527 


118,777 


776 


. 










14,196 


56 


14,196 




478 
66 


14,196 






10L177 

690 




19,756 

2^837 




28,955 
S,»7 


89 








75 



















18^069 


5,662 


18,069 




6^562 


18^069 






10,767 


22,592 


32^322 


164 










1,394 
1,418 
2,963 


228 
326 
206 


1,018 
1,418 
2,963 


376 




461 
528 
266 


1,525 
2^030 
8,618 


233 

202 

50 


607 
612 
666 


4,403 
1,167 
2,359 


9,503 

7.972 

12^343 


13»463 

9,022 

14,463 


3 

370 




5,775 


760 


5,399 


376 


1,245 


7,173 


485 


1,774 


7,929 


29,818 


36,948 


373 


23,844 


6,322 


23»468 


376 


9,346 


38,093 


3,024 


14,625 


71,225 


123,037 


188,047 


1,313 


23,844 


6,322 


23,468 


376 


9,346 


38,093 


3,024 


14,625 


71,380 


124,238 


188,488 


1,313 


















2,735 


414 


2,874 


4 




























136 

814 

2; 318 


433 

3^718 
10^885 


136 

814 

S;318 


433 

3,718 

10^806 


9,096 
12,513 
35^672 


S^934 

9,887 

17,626 


17,114 
21,172 
50,225 













1,600 





























3»268 


16^016 


3,268 


15,016 


57,283 


36,346 


88,611 


1,600 


....•• . 


* 






97,799 
1^581 
17,781 


36,517 
3,236 
2,786 


97,799 
1^531 

it; 781 

* 




3,236 
2^786 


97,799 
1%631 
17,781 






37,447 

4,366 

12,402 


14,867 
1,332 
1,554 


46^867 

6^257 

12^724 


343 




























128^111 


4^539 


128^111 




43^539 


128^111 






54^215 


17,753 


64^848 


343 










3^027 
E724 
3^884 


650 

411 

1,070 


2; 403 
1,724 
3,884 


624 




776 

474 

2^663 


2,601 
1,924 
8; 165 


126 

63 

1,493 


198 
200 

4,281 


10^275 

6,763 

16,217 


6^381 

2,915 

10,617 


15,631 

9.005 

26,227 


3 
2 



8^635 


^131 


8^011 


624 


3,813 


12^690 


1,682 


4,679 


33,255 


19,913 


49,863 


6 


136,746 


44,670 


136,122 


624 


49,620 


155^817 


4,950 


19,696 


144,753 74,012 


203,222 


1,848 


136,746 


44,670 


136,122 


624 


49,620 


155^817 


4,950 


19,695 


147,488 


74,486 


206^096 


1,852 


















493 


2,610 


3,063 































254 

634 

1,760 


1,221 

3,318 

12,233 


254 

634 

1,760 


1,221 

3,318 

12,233 


44,666 

33,910 

140,003 


36,511 

55,811 

174,410 


76,711 

86,311 

300,410 


16 










860 










969 




. . 
















2,667 


16,772 


2,657 


16,772 


218,578 


266,732 


463,432 


1,879 












4,964 
525 


2,062 

58 


4,954 
525 




2,062 

58 


4,964 
525 






10,096 



17,519 
3,654 


26,809 
3,654 


2,267 



















5,479 


2,120 


5,479 


. 


2,120 


5,479 






10,096 


21,173 


30,523 


2,267 










1,282 
2,230 
3,181 


289 
368 
340 


1,273 
1,960 
3,181 


9 

270 




297 
483 
489 


1,302 
2,658 
4,455 


8 
115 
149 


29 

696 

1,274 


29,389 
45,732 
40,200 


27,058 
40,098 
38,388 


53,358 
81,298 

74,588 






999 


6,603 


997 


6,414 279 


1,260 


8,415 


272 


2,001 


115,321 


105,544 


209,244 


WW 


12,172 


3,117 


11,893 1 279 


6,046 


30,666 


2,929 


18,773 


344,595 


393,449 703,199 


5,140 


12, 172 


3,117 


11,893 1 279 6,046 


30,666 


2,929 


18,773 


345,068 


396,059 ■ 706,252 


5,140 
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Tablb 46. — Medianioal power-aupply equipment and/uel uted 





• 

■8 


SIse of plant 
(hoceepower). 


BatabUflhmenta. 








Power^upply equipment 


• 








8 


Nnm- 
ber. 


Aver^ 

anaiie 
(borse- 
power). 


AffgreKate 
norse- 
power. 








Prime moven 


1. 








Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intttnal-oambus- 
tion engines. 


Water wheels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horm- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


a 


' 3 


4 


5 


6 


7 


8 





10 


11 


la 


13 


14 


15 


i 


rstatf 

8 


n power only: 
ni^JiOO 


1 
4 


406 
4,380 


406 
17,157 


406 
17,167 


8 
63 


406 

7,587 



38 



9,670 










II AnH Ahnvtt 










M 


Poniband olsetrto 
powvonly: 
501 and above... 

OtiMrpowar:, 

SOfandabova... 

Total power. . . 












5 


3,513 


17,563 


17,562 


71 


7,993 


38 


9,570 










% ^ 


^^^^^^ 








l| 


8 


4,355 


13,765 




















• •«• 
















^^^^^^__ 


a 


4,710 


9,419 


3,170 


44 


1,450 


15 


1,730 


• 











i 


10 


3,975 


89,746 


30,733 


115 


9,443 


53 


11,390 
















fStaai 
1- 


npoweronly: 


3 

4 
7 


74 

878 

1,076 


148 

1,513 

11,738 


148 

1,513 

11,738 


3 
19 
32 


140 
1,405 
4,910 


1 

3 

14 


8 

18 

6,828 












!n~Bm 












Ml and above... 






















18 


1,083 


13,399 


13,899 


54 


6,545 


18 


6,854 
















» 


m 


Pare 

a 
fit 


liaaed electric 
reronly: 

-aoo.... 


1 

a 

1 


10 

810 

3,143 


10 

630 

3,143 




















Dl-MO 




















8 


Dl and Above.. . 




















r^ 


















' 1 


M 


4 


698 


3,772 












1 


















•••!•• 






i 


AUo( 
1- 

a 


Oier power: 
-aoo 


1 
8 
3 


181 

367 

1,185 


181 

801 

3,309 


30 

480 

3,150 


2 
34 

7 


20 

395 

1,112 




1 
1 




30 

380 




1 






14 






3 

23 




41 

708 




Dl-MO 




Dl and above... 




Total power. . . 


6 


560 


3,351 


3,650 


33 


1,527 


2 


360 


1 


14 


25 


749 




33 


850 


19,533 


16,049 


87 


8,072 


20 


7,314 


1 


14 


25 


749 




Nop 

Steal 
1 
2 

a 


ovrer 


03 
























npoweronly: 




















........^...... .. 


• 


88 
14 
36 


61 

369 

1,660 


5,360 

5,163 

43,103 


5,360 

5,163 

43,103 


187 
62 

484 


3,333 
34,090 


46 
28 
79 


1,305 
1,039 
9,013 








f 


Ol-AX) 


. 






01 and above... 






!I!!I'!! !!I!"!I! 




las 


430 


53,625 


53,625 


733 


41,368 


153 


13,257 










•n 








1 


1 

M 
C 

i 


Purd 
po, 

a 


liaaed electric 

veronly: 

-aoo 


17 
3 


43 
813 


726 
625 












# 








01-«» 
























10 


72 


1,351 




















E 






















3 


All of' 
1 

a 


tner power: 
-aoo 


34 

7 

14 


74 

377 

3,430 


2,533 

2,636 

48,052 


1,767 

2,040 

46,351 


44 

51 

503 


811 

1,325 

32,068 


28 

16 

207 


876 

814 

11,343 


6 

1 

36 


66 

10 

3,940 


1 





14 




a 


Dl-^SOO 


01 and above . . . 


i 


Total power... 
Qrand total.... 


55 


970 


53,221 


50,167 


508 


34,104 


251 


13,033 


33 


3,016 


1 


14 




303 


540 


106,197 


103,792 


1,331 


75,472 


404 


25,290 


33 


3,106 


1 


14 




365 




106,197 


103,792 


1,331 


75,472 


404 


25,200 


33 


3,016 


1 


14 




Steal 
1 

a 

5< 


oppwer only: 


1 
3 
5 


75 

849 

4,806 


76 

1,048 

34,031 


75 

1,048 

34,031 


7 

39 
392 


73 

1,048 

13,371 


1 


2 












n-600 








^« 


}1 and above. . . 


33 


10,760 








fl 




1' 


1 


d 


9 


3,795 


35,154 


25,154 


328 


14,393 


34 


10,762 


1 






^ 








i 


Pure] 

pov 

1- 

Allol 

at 

5( 


based electric 

rer only: 

-aoo 


4 


39 


147 




















"3 


.her power: 
U-500 




















A* 


1 
7 


374 

5,835 


374 
40,842 


374 
39,492 


17 
364 


372 
14,892 



53 



12,396 


1 
25 


3 
13,304 










• 


)1 and above.. . 


s 


Total power... 


8 


5,152 


41,216 


39,866 


381 


15,264 


53 


12,396 


26 


13,306 










21 


3,167 


66,517 


65,020 


709 


29,656 


77 


23,158 


26 


12,206 
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Power-tapply eqnipmentr-CoDtiiiued. 


Electric motors. 


Fuel used. 


Opented by porofaased eoergy. 


Total. 


Run by current gen- 
erated in esUbUah- 
ment. 


Coal. 




Total 
horsepower. 


Eleetrie motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Kumber. 


Horse- 
power. 


Number. 


HafB»> 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


90 


91 


99 


93 


94 


9ff 


96 


97 










62 
356 


1,711 
12,641 


62 

aw 


1,711 
12,641 



3,113 


181,066 
1,431,823 


181,086 
1,434,122 













36,945 










1 






418 


14,352 


418 


14,352 


3,113 


1,612,380 


1,615,188 


36,945 


...... 






12,765 
6,249 


316 
154 


12,765 




316 


12,765 
7,124 






500 


1,406,938 
1,000,443 


1,407,388 














6,240 


213 


59 


875 


464 


1,000,860 





19,014 


470 


19,014 





947 


34,241 


477 


15,227 


4, on 


4,019,770 


4,028,436 


36,945 











328 
670 




1,431 

11,068 



328 
670 




1,431 

11,068 


792 

9,543 

21,234 




67,083 

180,102 


713 

66,583 

199,202 





.....•..••.• 















. 











■...••••••.. 














996 


12,499 


998 


12,490 


31,569 


238,085 


206,448 















10 

620 

2,142 


2 
42 

78 


10 

620 

2,142 




2 
42 

78 


10 

620 

2,142 








2,135 




10 

45 

4,700 


10 
1,955 
4,700 


























*••■■■■••■« • 






2,772 


122 


2,772 




122 


2,772 






2,135 


4,756 


6,665 













161 
321 
210 


9 
13 
11 


161 
321 
219 








9 
14 
46 


161 
336 
807 




1 

36 




15 

588 


226 

6,119 

106 



6,000 
3,576 


203 

10,600 

8,673 







701 


33 


701 





69 


1,304 


36 


608 


6,463 


8,576 


14,376 





3,473 


155 


3,473 





1,189 


16,575 


1,034 


13,102 


40,157 


251,416 


287,489 










\ 








61,526 


225,348 


280,548 


3,146 








53 

21 

296 


819 

210 

4,000 


53 

21 

296 


819 

210 

4,000 


79,958 

68,757 

423,775 


100,818 

96,096 

1,015,529 


180,616 

157,806 

1,425,529 


17,611 










7,938 










228,741 








*■***•*•** 


370 


5.029 


370 


5,029 


672,490 


1,250,443 


1,764,041 


254, 29q 


726 
625 


55 
31 


726 
625 




56 

31 


726 
625 






10,798 
8,652 


05,521 
149,341 


106,121 
157,091 


26,125 
1,810 








1,351 


86 


1,351 




86 


1,351 




t 


19,450 


244,862 


262,212 


27,835 








766 

687 

1,701 


54 

48 

225 


753 

587 

1,701 


13 




79 

48 

420 


1,008 

587 

4,900 


25 



195 


255 



3,199 


46,742 

753 

628,141 


96,952 
170,413 
409,365 


140,952 
171,090 
883,365 


10,634 

1,427 

311,197 


3,054 


327 


3,041 


13 


547 


6,495 


220 


3,454 


575,636 


678,730 


1,195,407 


323,258 


4,405 


413 


4,392 


13 


1,003 


12,875 


500 


8,483 


1,167,576 


2,174,036 


3,221,660 


605,483 


4,405 


413 


4,392 


13 


1,003 


12,875 


500 


8,483 


1,229,102 


2,399,383 


3,502,208 


606,620 










5 
104 
231 


21 
1,204 
4,936 


5 
104 
231 


21 
1,204 
4,936 




11,062 

395,366 




69,536 

m,396 




79,492 

478,225 





















1 


44,479 






....... 




i. . .......... 






340 


6,161 


340 


. 6.161 


406,428 


191,032 


557,717 


44,479 


1 

1 

I 147 


19 


147 




19 


147 


















1 *" 











1 1,350 



29 



1.350 







766 



19,333 


i 
737 

737 



17,983 


6,000 
625,225 


3,000 
193, 9S1 


8,400 
756,683 



177,677 


I 1,350 


29 


1,350 





766 


19,333 


17,983 


631,22.5 


196,981 


765,083 


177,677 


1,497 


48 


1,497 





1,125 


2,5. ft 41 


1,077 


24, 144 


1,037,653 

r 


38H,913 


1,322,800 


222,156 
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Table 46. — Meckaniad power-iupply equipfnenl and fuel tued 





1 
1 


Blie of plant 
(honepower). 


EstsbUflhmanta. 








Power-supply equipment 


• 








A 


Num- 
ber. 


Ave^ 
age site 
(hone- 
power). 


Aggregate 
horse- 
power. 








Prime movers 


». 








e 

1 


Total 
horse- 
power. 


Steam enginee. 


Steam turbfaies. 


Intemal-combae- 
tion engines. 


Water wheeU. 


Nam- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


ff 


6 


7 


8 


8 


10 


11 


12 


13 


14 


15 




Nop 

Steal 
1- 

JU 


Diwer 


1,084 


























a power only: 


344 
09 
53 


63 

328 

1,480 


21,714 
22,756 
78,476 


21,714 
22,756 
78,476 


497 
198 
379 


21,620 
20,656 
49,196 


7 
11 
81 


94 

3,100 

39,280 












)i-fiOO 












>1 an/1 AVkTkVo 






















4M 


352 


122,946 


122,946 


1,074 


91,472 


99 


31,474 










•g 










1 


Pure! 

poif 

1- 

2( 


[lased electric 
irer only: 
-200 


943 
41 
10 


22 

312 
1,180 


20,788 
12,805 
22,488 




















j 


H^SOO 




















^ 


11 on /I aK/WA 




















^^ 






















*< 


1,003 


56 


56,081 




















• 




















<£ 


All 01 
1- 
2( 
5( 


:her power: 
-300 


281 
40 
54 


52 

321 

1,490 


14,674 
15,733 
80,433 


9,194 

9,698 

43,127 


187 
121 
459 


6,225 

8.028 

30,824 


7 

2 

21 


346 

225 

8,697 


134 
26 
30 


2,237 

615 

2,017 


16 

8 

13 


386 

830 

1,589 




)l-500 




)1 and above... 




Total power... 
Grand total... 


384 


288 


110,840 


62,019 


767 


45,077 


30 


9,268 


190 


4,869 


37 


2,805 




1,853 


155 


289,867 


184,965 


1,841 


136,549 


129 


40,742 


190 


4,869 


37 


2,805 




2,937 




:I89,867 


184,965 


1,841 


136,549 


129 


40,742 


190 


4,869 


37 


2,805 




Nop< 

Stean 
2( 
5t 


>wer 


1 




1 

i 














« 






a power only: 
)1-50D 


1 
8 


400 
7,090 


400 
56,750 


400 
56,750 



113 



54,000 



2 


400 
2,750 












)1 ftnd A.hnvA 






















• 


9 


6,350 


57,150 


57,150 


113 


54^0d0 


4 


3,150 










t5 


Purcl 
pov 


lased electric 
ret only: 
-200 


3 

8 


72 
4,141 


216 
33,127 




















)1 and AhnvA 




















£ 


All other power: 
501 and above... 

Total power..*. 

Grand total.... 




















11 


3,031 


33,343 


















1 






















% 


8 


8,947 


71,573 


57,736 


79 


40,694 


9 


10,920 


15 


6,072 


1 


50 




28 


5,800 


162,066 


114,886 


192 


94,694 


13 


14,070 


15 


6,072 


1 


50 




29 




162,066 


114,886 


192 


94,694 


13 


14,070 


15 


6,072 


1 


50 




Nop< 

Steau 
1- 

ac 

51 


)wer 


467 


1 

1 


















appwer only: 


•':•.::•• :i""":*"*i'":"::- 


















120 

23 

6 


74 
303 
690 


8»796 
6,951 
4,130 


8,796 
6,951 
4,130 


198 
76 
46 


8,781 
6,801 
3,980 


1 
1 
1 


15 
150 
150 












)1-500 












11 and above. .. 






........ .......... 


• 












! 


149 


132 


19,877 


19,877 


320 


19,562 


3 


315 










a 






1 


i 


Purcl 
pov 

2C 
5C 


lased electric 

rer only: 

200 


648 
9 

4 


20 

330 

1,212 


12,733 
2,973 
4,847 






••*•««••••• 














H-600 




















11 and above 


















b 








1 












43 


661 


31 


20,553 






1 












o 


















3 


AUot 
1- 

ac 

5C 


her power: 
200.. 


407 
28 
12 


29 

301 

1,310 


11,728 

8,438 
15,710 


8^450 
4,902 
8,122 


112 

74 

183 


4,602 
4,328 
6,453 




2 






1,667 


355 

46 

1 


3,746 

354 

2 


5 

1 



102 


• 


H-500 


220 


S 


)l and above. . . 







Total power... 
Grand total 


447 


80 


35,814 


21, 474 


369 


15,383 


2 


1,667 


402 


4,102 


6 


322 




1,257 


60 


76,304 


41,351 


689 


34,945 


5 


1,982 


402 


4,102 


6 > 


322 




1,724 




76,304 


41,351 


689 


o4, V4u 


5 


1,982 


402 


4,102 


6 


322 
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by industry whyroups, by character of power eupply — Continued. 



Power-supply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


30 




22 


23 


24 


26 


26 


27 


















17,747 


38,978 


54,963 


S27 




























466 
1,192 
5,309 


4,867 
12,562 
63,872 


466 
1,192 
5,300 


4,867 
12,562 
63,872 


88,303 

60,491 

304,617 


188,880 
190,625 
736,776 


266,443 

245,066 

1,010,933 


6,072 

5,364 

10,500 


































6,967 


81,301 


6,967 


81,301 


453,501 


1,114,200 


1,522,442 


21,945 










20,788 
12,805 
22,488 


3,450 
1,063 
1,172 


20,788 
12,805 
22,488 




3,450 
1,083 
1,172 


20,788 
12,805 
22,488 


1 

1 




123,834 

9,016 

14,180 


87,017 
47,344 
86,066 


196,468 
55,458 
96,828 


3,507 
1 648 














180 










56,061 


5,714 


56,081 




5,714 


56,061 






147,030 


220,427 


352,754 


5 425 






. . . . . . 




5,480 

6,(R5 

37,306 


779 

580 

2,455 


4,869 

6,035 

37,306 


611 




914 

841 

3,510 


5,636 

8,577 

49,601 


135 

261 

1,055 


767 

2,542 

12,385 


53,270 

71,528 

250,121 


60,402 

67,974 

445,742 


117,345 
132,351 
670,850 


2,506 
3,503 
5,055 


48,821 


3,814 


48,210 


611 


5,265 


63,904 


1,451 


15,694 374,919 


583,118 


920,546 


12,143 


104,802 


9,528 


104,291 


611 


17,946 


201,286 


8,418 


96,995 


975,450 


1,917,835 


2,795,742 


39,513 


101,902 


9,528 


104,291 


611 


17,946 


201,286 


8,418 


96,995 


993,197 


1,956,813 


2,850,095 


39,840 


















42 


128 


165 



















............ 


•* 












25 

836 


500 
26,271 


25 

836 


500 
26,271 



214,422 


7,436 
810,711 


7,436 
1,008,711 


































861 


26,771 


861 


26,771 


214,422 


818, 147 


1,011,147 


00 












216 
33,127 


16 
610 


216 
33,127 




16 
610 


216 
33,127 







7,370 



285,379 



292,009 


120 








1,466 










33,343 


626 


33,343 




626 


33,343 






7,370 


286,379 


292,009 


1,586 








13,837 


211 


13,837 





499 


28,128 


288 


14,291 


50,407 


750,867 


796,167 





47,180 


837 


47,180 





1,986 


88,242 


1,149 


41,062 


272,199 


1,854,393 


2,009,323 


1,586 


47,180 


837 47,180 





1,986 


88,242 


1,149 


41,062 


272,241 


1,854,521 


2,099,488 


1,586 
















7,510 


17,361 


24,111 


2,065 


1 




















36 
146 

48 


500 
1,845 
1,653 


36 

146 

48 


500 
1,845 
1,653 


16,758 

18,648 

7,865 


27,468 
21,277 
22,885 


42,468 
37,977 
29,935 


3 H61 



















30,900 




V 






230 


0, tWO 


230 


3,998 


43,271 


71,630 


110,380 


34,761 




* " i 


12,733 
2,073 
4,847 


1,157 
209 
190 


12,733 
2,973 
4,847 




1,157 
209 
190 


12,733 
2,973 
4,847 






5,388 
1.400 


13,311 
2.vinn 


18,141 
26,360 
21,792 


3.921 

















215 21,509 















20,553 1,556 


20,553 




1.556 


20.553 






7,003 1 60,010 


66,283 


3.921 












3,276 
3,536 
7,6ffi 


219 
172 
369 


2,037 
3,536 
7,588 


339 




249 2,357 
203 3,984 
429 1 8,938 


30 
31 
60 


320 

448 

1,350 


13,133 
3,511 
21,758 ' 


33,830 
35,937 
65,141 


45,630 
39.097 
84,641 


3.^ 
9,388 


14,400 


760 


14,061 


330 


881 . 16,179 


121 


2,118 


38,402 , 134,906 109,308 12,691 


34,953 2^316 


34,614 


330 


2,667 1 40,730 


351 


6,116 


88,676 266,548 • 346,041 


51,373 


34,953 2,316 


34,614 


339 


2,667 


40,730 


351 


6,116 96,186 1 283,909 370,152 

' ■■ ■■ 


53,438 
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Tablb 46. — Mechanical potoer^Mippliy equipmeiU and fuel uud 





Character of power supply. 


SIse of plant 
(horsepower). 


Establishments. 








Power-supply eqolpmnnt 


i. 






1 


• 

Pi 


Nam- 
ber. 


1 
1 

power). V^^^' 


Prime movers. 

1 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-combu»> 
tiooepglnes. 


Water wheels. 

1 


s 


Num- 
ber. 


Horse- 
power. 


Nimi- 
ber. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


-I 
Horse- 
power. 


1 


9 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


16 




Nop 

Steal 
1 
21 
5L 


ower 


101 



























npower only: 
























• 


• 

192 
41 
15 


84 
329 
882 


16,158 
13,476 
13,250 


16,156 
13,476 
13,250 


242 

100 

66 


16,078 
13,476 
12,500 


2 


1 


80 



750 












01-500 








1 




01 andabovtt 
























248 


180 


42,884 


42,884 


417 


42,064 


3 


830 










• 












Pure] 
poi 

2L 


tiased electric 

rer only: 

-200 


160 

26 

3 


52 
233 
860 


8,315 


















1 


o* 


M-JMO 


5,826 
2,580 




















>> 


501 and above.... 


















, 


1 

i 




















ISS 


80 


16,721 






































Allot 
1- 
21 
5( 

• 


±er power: 
-200. 


05 
46 
16 


87 
298 
750 


8,266 
13,712 
12,020 


6,464 

10,472 

7,472 


67 
97 
66 


4,475 
8,117 
6,904 



2 





295 




63 
22 

13 


1,034 
633 
238 


18 

13 

2 


d55 

1,427 

330 




)l-500 




Hand above 




Total power... 
Grand total.... 


157 


216 


33,997 


24,406 


229 


19,496 


2 


296 


88 


1,905 


33 


2,712 1 




503 


168 


03,602 


67,292 


646 


61,650 


6 


1,125 


88 


1.905 


33 


2,712 




004 




93,602 


67,292 


646 


61,650 


6 


1,126 


88 


1,906 


33 


2.712 1 




Nop< 

8tean 
1- 
2( 
sr 


)wer 


100 










- 
















ipower only: 


























27 
2 

1 


66 
305 
885 


1,766 
610 
886 


1,766 
610 
886 


31 

7 

17 


1,566 
610 
886 


2 




200 










• •.«•••■* 




)l-500 












)1 and above 








1 
















30 


109 


3,261 


3,261 


65 


3,061 


2 


200 










1 










Putcl 

po« 

1- 

2C 


lased electric 

rer only: 

200 


232 
6 
2 


9 
352 
632 


2,191 
1,760 
1.263 




















p. 


H-SOO 




















8 


11 and above.... 
















••...... 


; 1 


1, 




239 


22 


5,214 




















S3 






•••«••■•••• 














< 


Allot 
1- 
20 
50 


her power: 
200.. 


51 
4 
2 


36 
248 
874 


1,831 

903 

1,747 


1,096 

220 

1,246 


1 

2 


429 

220 

45 












33 

3 


627 



1,200 


2 




40 


s 


11-500 





11 and above.... 







Total power... 
Orand total.... 


57 


80 


4,571 


2,561 


22 


094 








36 


1,827 


2 


40 




326 


40 


13,046 


6,822 


77 


3,765 


2 


200 


36 


1,827 


2 


40 




435 




13,046 


5,822 


77 


3,755 


2 


200 


36 


1,827 


2 


40 




Nopo 

Steam 
1- 
20 
50 


1 
wer 


90 






















1 




Lpower only: 


























33 

6 

14 


65 

327 

10,300 


2,143 

1,963 

144,708 


2,143 

1,963 

144,708 


38 

11 

117 


2,143 

1,963 

62,630 






60 






82,078 






1 


1 


1-500 




1 . 




1 and above 


1 1 






1 


• 


1 


53 


2,800 


148,814 


148,814 


166 


66,736 


60 


82,078 








09 
§ 


Purch 

pow 

1-' 

20 

50 


ased electric 
or only: 
WO.... 


372 
15 
11 


24 

310 

2,103 


8,884 

4,654 

23,136 


















1 


1-500 




















5 


L and above... 












1 






o 




398 


92 


36,674 


1 










1 


• ••••' 


Allot] 
1-1 
20] 
50) 


ler power: 

no , 


119 
11 
25 


24 1 
348 
4,201 


2,854 

3,831 

105,036 


1,655 

2,165 

43,192 


6! 

11 1 
103 


305 

1,405 

29,245 


1 



10 


10 



11,267 


84 
3 
4 


1,310 
600 
650 


3 

5 

13 


30, 




1-500 


260' 




L and above... 

1 


2,030 


• 


155 


720 


111,721 


47,012 


120 


30,955 


n| 


11, 2n 


91 


2,460 


21 


2,320 




Total power... 


606 1 


490 


297,209 ; 


195,826 


286 1 


97,691 


71 1 


93,355 


91 


2^460 


21 


2,8». 


1 


Orand total... 


696 . 


' 297,209 


195, 823 


286 


97,691 


71 


93,355 


91 


2,460 


21 


2,320 1 
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by indu$try whgroupif by duouder of power tupply — Continued. 



Poww-mipply •quipment— Continaed. 


Electric motors. 


Fuel used. 


Opentad by purchased energy. 


Total 


Run by current gen- 
erated in esUblish- 
ment. 


Coal. 




Total 
bflfsepower. 


Electric motors. 


Other 
(horse- 
power). 


• 

Anthracite 
' (long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
Una). 


Coke 
(short 
tons). 


Number. 


1 

Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


20 


21 


92 


28 


24 


25 


26 


27 


1 
1 














3,879 


12.493 


16,003 


144 


1 






60 
140 
144 


506 

2,167 
3,992 


60 
140 
144 


508 
2,167 
3.992 


40,566 
19,734 
38,434 


174,129 
94,358 
64,306 


210,652 

112,109 

98,973 


940 

1,040 

138 


■ 






' 












1 




344 6,665 


344 


6,665 «8,714 


332,882 


421,784 


2,137 






8,316 


537 

131 

86 


6,836 
2,580 




637 

131 

86 


8,315 
5,836 
2,880 






13,094 

3,818 

45 


57,225 
44,588 
19,228 


69,010 
46,408 
19,268 


849 


6,826 




1 


372 


2,680 








340 


1 16,721 


764 


16,721 




764 16,721 






15,957 131,041 


134,686 


1.061 


1 

1,792 
3,240 
4,657 


153 
167 
198 


1,745 
3,240 
4,557 


47 




153 
204 
273 


1,745 
3,865 
5,049 



37 
75 



625 
492 


24,121 
11,553 
22,068 


46,063 
102,304 
123,455 


67,771 
112,690 
143,316 


2.171 
760 
369 


1 9,689 

1 


518 


9,642 


47 


630 


10,859 


112 


1,117 


57,742 


271,822 


323,786 


3,290 


I 26,310 


1,272 


28,263 


47 1,728 34,045 


458 


7,782 172,413 725,745 


880,206 6,478 


26,310 


1,272 


26,363 


47 1,728 


34,045 


456 


7,782 176,312 1 738,238 896,209 6,622 


1- •-•••••*••• 






.......... 










231 55 


262 


125 










39 
44 

25 


239 
392 
168 


39 
44 

25 


239 
392 

166 


5 396 


JA 170 


51,329 
17,111 
37,308 


889 

n 


'* 








'' ''» 


' 








239 


37,766 


A 










V 










106 


709 


106 


799 


5,635 


101,358 


106,433 


880 












2,191 
1,700 
1,283 


576 

138 

31 


2,191 
1,700 
1,203 




576 

138 

31 


2,191 
1,760 
1,263 






2,951 


13,143 

36,961 

4,732 


15,708 

36,961 

4,769 


285 



















40 





5,214 


745 


5,214 




745 


5,214 






2,991 


54,826 


57,513 


285 


735 
773 
602 


96 
43 
39 


639 
773 
502 


96 




111 

43 

130 


785 

773 

1,966 


16 



91 


126 



1,464 


3,001 

297 




26,223 
5,864 

42,847 


29,008 

6.131 

42,847 


5,092 

200 




2.010 


177 


1,914 


96 284 


3,504 


107 


1,500 


3,388 1 74,934 


77,981 5,292 


7,224 


922 


7,128 


96 1 1,137 0,517 


215 2,389 12,014 231,118 241,917 | 6,468 


7,224 


922 7,128 


96 1 1, 137 


9,517 


215 2,389 12,245 


231,173 242, 179 1 6,501 


1 














2,737 


2,892 


5,252 


944 










83 
55 

3,885 


764 

993 

86,628 


83 

55 

8,886 


764 

993 

66,828 


6,157 

773 

821,818 


9 140 11 AiO 


1 784 










10,137 
613,713 


10,832 
l,173,n3 


2,880 
155,913 


















1 ,. 








3,803 


68,385 


3,803 


68,385 


828,548 


832.999 


1,199,194 


160,557 










8,884 

4,654 

28,136 


1,287 

631 

1,003 


4,854 
23,136 




1,287 

831 

1,003 


8,884 

4,854 

23,138 






21,164 

1,848 

27,009 


20,008 

5,084 

12,271 


39,008 

8,604 

56,571 


117,034 
1,790 
1,253 














1 36,674 


2,921 


36,674 




2,921 


36,674 






50,021 


37,313 


82,273 


130,077 


1,109 

1,660 

61,844 


81 

133 

2,412 


761 

1,666 

48,159 


438 



13,885 


83 

165 

2,944 


762 

2,002 

62,840 


2 

32 

632 


1 

336 

14,481 


4,725 

2,036 

108,408 


10, 115 

15,289 

281,089 


14,365 

17,129 

378,589 


5,061 

5,627 

37,129 


64,709 


2,626 


50,586 


14,123 


3,192 


65,404 


566 


14,818 


115,169 


306,493 


410,083 


47,817 


101,383 5,547 


87,380 


14,123 


9,916 


170,463 


4,369 


83,203 


793,738 


976,805 


1,091,550 


328,451 


101,383 5,547 


87,260 


14,123 9,916 


170,463! 4,369 


83,203 


796,475 


979,697 


1,696,803 


329,395 



63361**— 21- 
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112 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 

Table 46. — Mechanical power-supply equipment and fuel uted 





Character of power supply. 


• 

Siie of plant 
(bonepower). 


Establishments. 








Power-supply equipment 


• 










• 


Num- 
ber. 


Aver- 
age site 
(hone- 
power). 


Am-egate 
horao 
power. 








Prime movers 


• 










S 


Total 
horac^ 
Itower. 


Steam eDgiDes. 


Steam turbines. 


Intemal-eombns- 
tloo engines. 


Water wheels. 




1 


Num- 
ber. 


Hcne- 
power. 


Num- 
ber. 


Horse* 
power. 


Num- 
ber. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


IS 


13 


14 


IS 






Nop 

Steal 
1 


QforAr 


1,174 




























n power only: 


























1 


68 

16 

8 


77 
296 
T74 


5,235 
4,769 
6,196 


5,235 
4,769 
6,196 


75 
27 
29 


5l160 
3,0«1 
6,196 


1 
8 



75 

828 




1 






nx^sui 










ts 


/SQI and above... 






1 . . 




a 




**'*'***i*"* 




flS 

g 


02 


176 


16,200 


16,200 


131 


15,297 


9 


goB 






I ..... 










9 


Puiti 
poi 

2l 


lased electric 
rer only: 
-200 


2,163 

22 

8 


12 
272 
830 


1 

26,618 
5,992 
6,G39 














_--_ ^ 










ni-«v\ 




















501 and above... 




















1 


• * • 1 








1 




2,193 


18 


39,249 








•••••••••• 








\ 




1 














1 


All(^ 
1 

a 


ther power: 
-200.. 


485 
20 
27 


27 

296 

1,240 


13,223 

5,925 

33,443 


8,442 

3,605 

21,611 


62 
20 
63 


4,207 

2,733 

16,338 


4 

4 


225 



3,096 


104 

1 
5 


3,399 
55 

1,020 


20 
13 

18 


611 

907 

1,15S 




p4 


Q1-.^00 




'i 


Dland above... 




• 


Total power... 
Grand total... 

No power 


532 


90 


52,501 


33,748 


154 


23,278 


8 


3,323 


200 


4,474 


51 


2,673 




1 


2,817 


383 


108,040 


49,948 


285 


38^575 


17 


4,226 


200 


4,474 


51 


2,673 






3,091 1 


108,010 


40,948 


.285 


38,575 


17 


4,226 


200 


4,474 


51 


2,673 






3,608 




















































Steal 
1 


n power only: 


32 
3 
2 


67 
222 
940 


2,135 

666 

1,880 


2,135 

666 

1,880 


41 
9 
7 


2,135 

666 

1,880 






















31.600 














m ATiH alv>vn 




















• ^ 




1 


37 


127 


4,681 


4,681 


57 


4,681 














. - - 




ri 


Purcl 

po^ 

1 

2 


based electric 

veronly: 

-20O 


480 
3 


8 
387 


3,638 
1,162 






















I 


01-^SOO 
















_ . _ _ 






I 



















_ 






483 


10 


4,800 


















.- - 




o 


















. 


Ano 

1 

2 
6 


ther power: 
-200.. 


30 
5 
3 


56 
279 
763 


2.169 
1,396 
2,288 


1,744 

645 

1,703 


24 

7 

19 


1,368 

545 

1,150 


1 


1 


40 
- 
536 


17 




176 




3 
4 

1 


160 

100 

17 




f-4 


01-«)0 

01 and above. . . 






Total power... 
Grand total.... 


47 


124 


5,853 


4,092 


50 


3,063 


2 


576 


17 


176 


8 


277 






567 


27 


15,334 


8,773 


107 


7,744 


2 


576 


17 


176 


8 


277 






4,175 




15,334 


8,773 


107 


7,744 


2 


576 


17 


176 


8 


277 






1 

Nop 

Steal 
1 
2 
5^ 


ower 


257 






















.. — 




• 


n power only: 


25 

4 
5 


46 

338 

1,375 


1,115 
1,350 
6,875 


1,115 
1,350 
6,875 


21 

8 

11 


1,115 
1,200 
3,376 




1 
3 




150 

3,500 








.. - 






01-500 












ni and atrnvn 
























34 


273 


9,340 


9,340 


40 


5,600 


4 


8,650 












1 


Pure 
po^ 

2 


based electric 

ver only: 

-200 


2,770 

12 

8 


7 

331 

1,624 


19,899 

3,966 

12,993 














• 




— 






Ui-OUU.. 

01 and above. . . 














........... 


* " " * 


^^ 




s 




2,700 


13 


36,858 




















< 














........... 




196 



196 




i 


Alio 
1 
2 
5 


ther power: 
-200 


378 
5 
7 


11 
281 
019 


4,264 
1,407 
6,438 


3,629 

855 

2,270 


24 

6 

12 


1,065 

615 

1,880 




2 






225 


365 
2 

1 


2,368 
240 
165 


4 









01-500 






01 and above. . . 


- 




Total power... 
Grand total.... 


390 


31 


12,109 


6,754 


42 


3,560 


2 


225 


368 


2,773 


4 


5 




3,214 


18 


58,307 


16,094 


82 


9,250 


6 


3,875 


368 


2,773 


4 


"' 1961 




3,471 




58,307 


16,094 


82 


9,250 


6 


3,875 


368 


2,773 


4 


196, 
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by industry subgroups^ by dtaraeUr of power supply — Continued. 



Power-flopply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current ven- 
erated in establish- 
ment. 

• 




Coal. 






Total 
honepover. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Number. 


Horae- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse 
power. 




16 


17 


18 


19 


ao 


81 


22 


23 


24 


25 


26 


27 


















2,350 


899 


3,014 


817 








•••••••.•• 




















817 
577 
577 


2,089 
2,954 
7,958 


317 
677 
577 


2,039 
2,954 
7,958 


11,370 

8,956 

14,737 


21,267 
15,257 
29,630 


31,500 
23,322 
42,896 


2,094 
43 






1 






1 


734 






. 








1 


1,471 


12,951 


1,471 


12,951 


35,063 


66,154 


97,718 


2,871 










26,618 
5,992 
6,639 


7,384 
617 
613 


26,618 
5,992 
6,639 




7,384 
617 
613 


26,618 
6,992 
6,639 


- 




13,100 

388 
1,978 


15,314 
6,726 
5,428 


27,104 
7,076 
7,210 


3,564 








192 



















39,249 


8,614 


39,249 




8,614 


39,249 






15,466 


27,468 


41,389 


3,756 










4,781 

2,230 

11,832 


350 

291 

1,906 


2,567 

1,980 

11,832 


2,214 

250 




900 

485 
3,307 


4,901 

3,543 

22,640 


550 

194 

1,399 


2,334 

1,563 

10,808 


• 5,510 

3,848 

25,149 


30,135 
17,727 
84,421 


35,094 

21, 195 

107,156 


1,627 



766 


18,843 


2,549 


16,379 


2,464 


4,602 


31,064 


2,143 


14,705 


34,507. 


132,283 


163,445 


2,393 


68,092 


11,163 


55,628 


2,464 


14,777 


83,284 


3,614 


27,656 


85,036 


225,905 


302,552 


9,020 


58,092 


11,163 


55,628 


2,464 


14,777 


83,284 


3,614 


27,656 


87,386 


226,804 


305,566 


9,837 


1 














8,196 


2,513 


9,863 


10 






















107 

9 

99 


596 

240 

1,386 


107 

9 

90 


598 

240 

1,386 


5,914 

890 

46 


4,373 

4,652 

13,996 


9,603 

5,442 

14,037 


58 


' 











180 








1 ; 




216 


2,224 


215 


2,224 


6,850 


23,021 


29,172 


238 


' 




3,638 
1,162 


1,274 
74 


3,638 
1,162 




1,274 

74 


3,638 
1,162 






U,206 
299 


4,878 
400 


14,978 
668 


482 




1 











4,800 


1,34S 


4,800 




1,348 


4,800 




11,505 


5,278 1 


15,646 


482 








425 
751 
585 


94 

263 

40 


425 

751 
585 







155 

294 

40 


872 
585 


61 

31 




447 

248 




6,073 
2,212 
4,691 


2,927 
1,235 
5,033 


8,477 
3,225 
9,233 





178 


1,761 


397 


1,761 





489 


2,456 


92 


696 


12,976 


9,195 


20,935 , 


178 


6,561 


1,745 


6,561 





2,052 


9,480 


307 


2,919 


31,331 


37,494 


65,753 


898 


6,561 


1,745 


6,561 





2,052 


9,480 


307 


2,919 


39,529 


40,007 


75,616 


908 














1 


1,291 


384 


1,549 





....•••••.•. ^----- ----- 








' 










79 

16 

348 


480 

121 

4,590 


79 

16 

348 


489 

121 

4,590 


1,561 
2,113 
3,659 


8,190 

3,996 

27,690' 


9,603 

5,900 

30,983 





i 


























• 






443 


5,200 


443 


5,200 


7,333 


39,885 


46,486 1 













19.899 

3,966 

12,993 


5,645 

449 

1,746 


19,899 

3,966 

12,993 




5,645 

449 

1,746 


19,899 

3,066 

12,993 






26,771 

3,418 

14,772 


23,937 

3,098 

24,940 


48,030 

6,175 

38,233 


488 


• «•••« ^C * • 


, 


2 


1 


580 









36,858 


7,840 


36,858 




7,840 


36,858 


! 


44,961 


51,975 


92,438 


1,070 




. 




635 

552 

4,168 


162 

84 

367 


554 
552 

4,168 


81 




202 

91 

490 


754 

588 
5,016 


40 

7 

123 


200 
36 

848 


3,065 
850 
902 


4,761 

3,095 

18,425 


7,520 

3,860 

19,237 


91 

50 

2 


5,365 


613 


5,274 


81 1 


783 


6,358 


170 


1,084 


4,817 


26,281 


30,617 


143 


42,213 


8,453 


42,132 


81 


9,OW5 


48,416 


613 


6,284 


57, 111 


118, 141 


169,541 


1,213 


42,213 


8,453 


42,132 


81 


9,066 


48.416 


613 


6,284 


58,402 


118,525 


171,090 


1,213 
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Table 46. — Medianical power-gupply equipment andjuel uaed 



8 



a 



Power-sapply equipment. 



Sise of plant 
(honepower). 



Steampower only: 



ftmpoi 

i-au). 

aOl-^800. 



Purchased electric 
povreronly: 
SOI and above. . . 

All other povrer 
501 and above. . . 

Total power... 



No power 

Steampower only: 



201-500. 



Purchased electric 
power only: 

1-aoo 

aoi-^00 

501 and above. . . 



All other power: 

1-aoo 

201-^600 

501 and above. . 



Total power . . 
Grand total... 



No power 

Steampower only: 



201-^500 

501 and above..., 



Purchased electric 
power only: 

1-200 

201-500 

501 and above.... 



All other power: 

1-200 

201-500 

501 and above.... 



Total power... 
Grand total... 
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hg induitry tuhgrouptf by charader of power supply — Continued. 



Power-supply equipnient--Contlnued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Ron by current gen- 
erated in estabUsh- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 

• 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
]>ower. 


Number. 


Horse- 
power. 


Number. 


Horse 
power. 




16 


17 


18 


le 


90 


31 


99 


23 


24 


25 


26 


27 










50 
15 


200 
231 


50 
15 


200 
231 


384 
3 


700 
5»574 


1,044 
5,574 













30 




















65 


431 


65 


431 


387 


6,274 


6,618 


30 












5»543 


340 


5,543 




340 


5,543 






232 


7,838 


8^046 


282 










11,687 


689 


11,687 





1,583 


20,792 


904 


9,105 


37,852 


68,816 


102,816 


8^432 


17,230 


1,020 


17,230 





1,998 


26,766 


960 


9,536 


38,471 


82,928 


117,480 


8,744 


















304 


1 
1,129 1 1,403 


11 




























7 



148 



7 



148 2,134 

1 


4,328 
991 


6,238 
991 


428 


... 





























7 


148 


7 


148 


2,134 


5,319 , 7,229 


428 












3,618 

395 

2; 074 


1,083 

27 

130 


3,618 

395 

2^074 




1,083 

27 

130 


3,618 

395 

2,074 






2,486 

5 

4,280 


5,531 
1,400 
2,392 


7,771 
1,405 
6,242 


41 


























f ""•• 




6,087 


1,240 


6,087 




1,240 


6,087 






6,771 


9,323 


15,418 


41 










506 

100 

1,020 


08 

3 

09 


425 

100 

1,020 


83 




127 

4 
77 


627 

101 

1,280 


29 
1 

8 


202 

1 
260 


1,227 



360 


4,996 
1,604 
4,461 


6,096 
1,604 
4,785 


67 

75 




1,628 


170 


1,545 


83 


208 


2,008 


38 


463 


1,587 


11,061 


12,485 


142 


7,715 


1,410 


7,632 


83 


1,455 


8,243 


45 


611 


10,402 


25,703 


35,132 


611 


7,715 


1,410 


7,632 


83 


1,455 


8,243 


45 


611 


10,796 


26,832 


36,535 


622 


















737 


4,115 


4,778 































65 

182 

3,013 


1,442 

3,932 

41,309 


65 

182 

3,013 


1,442 

3,932 

41,309 


17,838 

38,690 

245,406 


57,310 


73 2lfiO 













43,623 ! 7H.i44 













226,354 


447,220 


202,313 






1 










3,260 


46,683 


3,260 


46,683 


301,934 


327,287 


JMQ.024 


202,313 












2,974 
2,075 
7,238 


240 
106 
268 


2,974 
2,075 
7,238 




240 
106 
268 


2,974 
2,075 
7,238 






3,240 

2,a56 

14,534 


46,311 

5,018 

65,035 


49,227 

6,870 

78,116 


9 

















204 










12,287 


614 


12.287 




614 


12,287 






19,830 


116,364 


134,213 


303 












1,020 

1,265 

18,038 


50 

51 

962 


670 

1,005 

18^038 


350 

250 




50 

51 

1,0S9 


815 

1,005 

20,056 


3 



97 


145 



2,018 


11,086 

1,321 

85,807 


44,300 

4,853 

103,024 


55,068 

6,042 

180,332 




253 

2,216 


20,313 


1,069 


19,713 


600 


1,169 


21,876 


100 


2,163 


99,204 


152, 177 


241,462 


2,469 


32,600 


1,683 


32,000 


600 


5,043 1 80,846 


3,360 


48,846 


420,968 505,828 


974,699 


205,086 


32,600 


1,683 


32,000 


600 


5,043 


80,846 


3,360 1 48,846 


421,705 599,943 


979,477 


205,065 
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Table 46. — Meehanioal power-tupply equipment andfud uui 





• 




X 




"S. 




Q> 




9 


• 


M 


o. 


» 


1 


3 


X) 


a 


s 


'S 


t 


^ 


<** 

1 


1 


" 


o 


1 


2 



•s 

is 

1 

09 

1 



U3 
CO 



3 

« 

i 



3 






size of plant 
(horsepower). 




No power, 

Steam power only: 
1-200 
201-^500 



Purchased electric 
power only: 
1-200 
201-.S00 
501 and above. . . 



All other power: 
1-200 
501 and above. 



Total power 
Grand total. 

No power 

Steam power only: 

201-600 

501 and above. . 



Purchased electric 
power only: 
1-200 
201^500 
601 and above. 



All other power: 
1-200 
201-600 
501 and above 



Total power. . 
Grand total... 

No power 

Steam power only: 

201-666 

501 and above 



Purchased electric 
power only: 
1-200 
201-500 
601 and above. 



All other power: 

l-20;) 

201-500 

501 and above 



Total power .. 
Grand total... 
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6y imhutry stibgroups, by diaraeUr of power mpply — Continued. 



Power-supply Kiuipment— Continued. Electric motors. Fuel used. 


Operated by purchased energy. 


Total. 


Run bv current een- 
eratea in establbh- 
ment. 


Coal. 




Total 


Electric motors. 


1 

Other 
(horse- 
power). 


Anthracite 
Gong tons). 


Bitumi- 
nous (Short 
tons). 


Total 
equivalent 


Coke 

(short 

tons). 


horsepower. 


Number. 


Horse- 
power. 


Number. 


f 

Horse- 
power. 


Number. 


Horse- 
power. 


Dltuml- 
nous (short . 
tons). , 


16 


1 

17 


18 


10 ! 30 

1 


21 


22 


23 


24 


25 


26 


27 














782 


304 


1,006 


1 


........... 


.... .. 








1 

















30 



581 
4,397 


608 


1 


1 





4,397 








; 1 
















30 


4,978 


5,005 








1 
9.485 1 itt4 


9,485 
3,954 
4.683 


1 


684 

219 
256 


9,485 
3,954 
4,683 






6,040 
1,896 
5,393 


9,641 

1,564 

530 


15,071 
3,264 
5,380 





1 3,954 
4.683 


219 
25A 




















-SfWWV , _ 


-s, w«v 










1 18,122 1,099 


18,122 




1,050 


18,122 






13,329 


11,735 


23,715 















1 
30 1 
605 , 20 


5 
605 


1 

25 1 6 
10 1 605 










20 




13,422 


18 
13,422 






635 


21 


610 


25 


21 


610 





:o 


13,422 


13,440 





18,757 


1,080 


18,732 


25 1 1,080 18,732 


1 13,379 


30,135 42,160 


18,757 


1,080 


18,732 


25 1 1,080 


18,732 


14,161 


30,439 43,166 


1 


















190 


199 


370 















1 
1 






212 


545 
364 

1,560 


212 

66 

378 


546 

364 

1,560 


3,019 
2,732 
3,716 


4,969 

1,693 

24,200 


7,687 

4,180 

27,548 


711 










66 

378 


























*"*'**""* 1 **"**"*' 




656 


2^469 


656 


2,469 


9; 467 


30; 062 


39,415 


711 


5,958 
1 712 


1 

1,8U 
166 
502 


5,958 
1,712 
5,510 




1,841 
166 
502 


5,958 
1,712 
5,510 






6,461 

968 

80 


6^835 
3,197 
9,084 


12; 649 
4,070 
9,156 


133 




• 







5,510 





















13,180 




2,509 


13,180 




. . 


7,500 


19,116 


25,875 


133 










702 

828 

12; 318 


102 

126 

1,039 


561 

828 

12; 318 


141 




158 

127 

2; 593 


704 

883 

26,015 


56 

1 

1,554 


233 

55 

13,6OT 


3,813 
27,090 
16,901 


1,461 

2,975 

10^782 


4,890 

27,356 

117,990 


548 
3,408 
4,420 


13,848 


1,267 


13,707 


141 


2,878 


27,692 


1,611 


13,985 


47,804 


107,218 


150,236 


8,376 


27,028 


3,776 


26,887 


141 


6,(M3 43,341 


2,267 


16,454 


64,780 


157. 196 


215,526 


9,220 


27,028 


3,776 


26,887 


141 


6,043 


43,341 


2,267 


16,454 


64,070 


157,395 


215,896 


9,220 


1 ------ 


•••••••••• 














115 


1,100 


1,203 













13 

112 

1,288 


125 

2,314 

23,582 


13 

112 
1,288 


125 

2,314 

23,582 


1,434 

9,737 

46,190 


10,745 

22; 174 

151,602 


12; 085 

30,924 

198,202 





1 

1. . ......'.......... 






70 


1 






3,099 


...... .....^ 






1 




1,413 


26,021 


1,413 


26,021 1 57,361 


18«,521 


236,161 


3,169 


2; 333 

3,482 

28,089 


178 

108 

1,412 


2,333 

3,482 

28,089 





178 
108 


^333 
2.482 


1 


471 
809 


4,544 

15,573 
5S,335 




4,969 
16,300 
62,055 







1 







1,412 28,069 


1 


4,121 







1 




33,904 


1,698 


33,901 




1,.608 ' 33,904 


. . . 


5,401 


78,452 


83,324 







1 




793 

1,926 

50; 430 


58 

106 

2,101 


666 

1,926 

50,430 


127 




58 ' 666 

124 ^123 

3,073 ; 60,944 




18 

972 


2,190 

197" 1,857 

10; 514 61,377 


5,309 

26,760 

289,312 


7,279 

28,429 

344,512 



825 

12 


53,149 


2,265 


63,022 127 


3, 255 1 63. 733 


990 


10; 711 1 65,424 


321,390 


380,220 


837 


87,063 3,963 


86,926 127 


6, 3G6 123, 65.S 


2, 403 36, 732 


128,186 


584,363 


699,705 


4,006 


87,053 


3,963 


86,926 127 6,366 123,658 


2,4?3 


36,732 


128,301 


585,463 


700,908 


4,006 
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Table 46. — Medianieal power-supply equipment and fuel used 





•a 
1 


Sixe of plant 
(horsepower). 


BstabUshxnents. 








Power-supply equipment 


• 








m 


Num> 
ber. 


Aver- 
age sixe 
(horse- 
power). 


Anregate 
power. 








Pij^e movers 


• 








S 


Total 
horse* 
power. 


Bteana 


I engtnes. 

Horse- 
power. 


Steam turbines. 


Internal-combus- 
tion engines. 


Water wheels. 


1 


Num- 
ber. 


Num- 
ber. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


8 


4 


5 


6 


7 


8 


9 


10 


11 


13 


13 


14 


15 




Nop( 

Steal 
1 
21 


awBT 


30 


























a power omly: 


8 

12 

5 


67 

291 

6,203 


542 

3,495 

31,468 


542 

3,495 

31,468 


8 
21 
44 


542 

2^796 
15,018 



3 
5 




700 

16,450 




\ 








)l-fiOO 












ni *nr1 *K#\«A 






















t 


2ft 


1,425 


35^505 


35,506 


73 


18,355 


8 

• 


17,150 


















9 


Purd 

•^ 

21 

fit 


liased electric 
rer only: 
-200 


387 
10 
14 


27 
314 
880 


10,510 

5,968 

12,396 


















. 


B 


Ol-fiOO 




















'i 


fM anfl AKtAVM 






































1 


m 


420 


69 


28,874 






































AUot 
1 
21 

fi( 


ther power: 
-200 


03 
10 
26 


45 

288 
6,950 


2; 849 

2,882 

155»085 


1,855 

1,630 

83,123 


16 
16 
67 


1,260 

1,145 

21,880 






25 






59,243 


29 
7 
3 


375 
485 

950 


5 

5 


220 



^ 


)l-fiOO 




)1 and above. . . 


1,050 




Total power.. 
Orand total... . 


09 


1,625 


160^816 


86,606 


99 


24,285 


25 


50,243 


39 


1,810 


10 


1,270 




544 


414 


225,195 


122,113 


172 


42,640 


33 


76,303 


39 


1,810 


10 


1,270 




574 




225,195 


122,113 


172 


42,640 


33 


76,393 


39 


1.810 


10 


1,270 




Nop< 

Steao 
1- 
2( 
SL 


jwer 


8 


























opower only: 


113 
43 
40 


100 
335 
830 


11,286 
14,415 
40,630 


11,286 
14,415 
4(),630 


116 

113 

. 278 


10^648 
14,265 
40,135 


12 
2 
5 


638 
150 
495 












)1-500 






:::::::::::::: ::i 




11 Anfl BhAVA 























205 


323 


66,331 


66,331 


507 


65^048 


19 


1,283 










1 










Purd 

I)0? 

2( 


lased electric 
rer only: 
-200 


t 

21 
12 
15 


83 

333 

1,011 


1,747 

3»990 

15, 167. 




• 
















pi 


)l-500 




















a 


11 an<f aKnvA 




1 














s 




















a 


48 


436 


20,904 




















1 

• 

^4 




















AUo( 
1- 
2( 

fi( 


ther power: 
-200 


46 
18 
13 


115 
332 
985 


5,291 

6,985 

12,807 


4,609 
4,612 
7,014 


42 
36 
32 


2,385 
3,306 
3,654 


3 

3 


210 



135 


28 
10 
14 


1,346 
1,107 
3,225 


5 

1 




66 
100 




31-fiOO 




)1 and above. . . 




Total power.. 
Qrand total 


77 


313 


24,083 


16^235 


110 


9,344 


6 


345 


52 


5.778 


6 


768 




330 


337 


111,318 


82,566 


617 


74,392 


25 


1,628 


52 


6,778 


6 


768 




338 




111,318 


82,566 


617 


74.392 


25 


1,628 


52 


5^778 


6 


767 




Nop< 

Stean 
1- 
2( 
5C 


iwer 


43 

























ipower only: 






















20 
3 

7 


79 

364 

4,745 


1,675 

1,092 

33,216 


1, 575 

1,092 

33,216 


34 
12 
42 


1,575 

1,092 

10,500 






11 






22,716 












)l-fiOO 






••••"■•• 






11 AiiH AhnvA ^ 


••••«••• 






















30 


1,196 


35,883 


35,883 


88 


13,167 


11 


22,716 






















Purd 

pov 

1- 

2( 

5( 


lased electric 
rer only: 
-200 


114 

8 

13 


3 

326 

8^150 


333 

2,608 

106,089 





















!w 


)1-S00 












'.'.'.'.'/.'.'.'.'.'. 






1 


Dl and above. . . 























135 


809 


109,030 













i 




00 






^v ' 








i 


Allot 
1- 
21 

a 


ther power: 
-200 


150 
16 
19 


35 

300 

3,910 


5,215 

4,807 

74,143 


3,127 

2,203 

16,265 


47 
28 
70 


1,617 

2,030 

12,206 


1 



11 


10 



3,470 


154 

8 
5 


1,453 
173 
587 


2 





47 


fH 


91-500 







91 and above... 







Total power.. 
Grand total.... 


185 


347 


84,165 


21,595 


145 


15,855 


12 


3,480 


167 


2,213 


2 


47 




350 


655 


229,078 


57, 478 


233 


29,022 


23 


26,196 


167 


2,213 


2 


47 1 




393 




229,078 


57, 478 


233 


29,022 


23 


26,196 


167 


2,213 


2 


47 
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hy indiutry iuogroupa^ by dianeler of power «uppfy— Oontiiiued. 



Powvrflixpidy equtpment— Continiied. 


Blectiio motors. 


Fuel used. 


Operated by pmcbMed eoflrgy. 


Totd. 


Run by cairent jnn- 
erated In estab&h- 
ment. 


Coal. 




TotAl 
iKVBflpowcr. 


Sleetiio motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 
(short 
ions). 


Number. 


Horse* 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


90 


91 


33 


S3 


34 


35. 


36 


37 


















20 


254 


272 


. 8 








" 


















30 

264 

9,007 


243 

2,884 
42,891 


30 

254 

9,007 


242 

2,384 

42,891 


677 
6,908 
6,645 


2,508 
17,941 
45,828 


3,118 
23,241 
60,898 


10 










602 










2.414 


















9,291 


45,617 


9,291 


45.617 


12,230 


66,277 


77,257 3,016 






" 


10,610 

6,968 

12,396 


8,257 
1,267 
1,320 


10,510 

6,968 

12,396 




3,257 
1,267 
1,329 


10,510 

5,968 

12,396 






5.963 
7,041 
5,161 


11,061 
17,830 
22,955 


-6,^1 
24,140 
27,605 


460 






1 


687 








4QQ 










28,874 


6.853 


28,874 




6,853 


28,874 






18,165 


51,380 


68,176 


1,666 




' 




004 

1,252 

71,062 


126 

316 

12,073 


767 

1,252 

71,962 


227 




233 

389 

25,421 


1,239 

1,797 

163,894 


108 
73 

13,348 


472 

545 

91,932 


2,988 

9,743 

53,991 


4,170 

8,042 

364,960 


6,810 

16,802 

414,360 


2 

312 
5,782 


74,208 


12,514 


73,981 


227 


26,043 


166,930 


13,529 


92,949 


66,672 


377,172 


437,972 


6,006 


103,082 


18,367 


102,855 


227 


41,187 


241,321 


22,820 


138,466 


97,067 


485,285 


583,406 


10.668 


103,082 


18.367 


102,855 


227 


41,187 


241,321 


22,820 


138,466 


97,087 


495,539 


683,677 


10,676 












1 

i 




7,516 


13,493 


23,251 ! 








.... ^ 














49 
162 
369 


482 
1,331 
4,570 


49 
162 
360 


482 
1,331 
4,476 


23,876 
25,270 
81,196 


120,156 
107,876 
223,719 


141,648 
130,619 
302,794 


1,000 






















i' * ' " • * ' 











1 

f 








580 


6,389 580 


6,389 


133,340 


457,751 


675,061 


1.000 












1,747 

3,999 

15,167 


93 

93 

302 


1,747 

3,990 

15,167 




93 

93 

302 


1,747 

3,990 

15,167 






3,145 
106 
188 


4,367 

388 

13,352 


1 
1 
7.197 n 








483 
13,616 
















............ 




20,904 


488 


23,901 




488 


20,904 






3,439 


18,107 


21,196 











682 
1,373 
5,793 


70 
70 
72 


682 
1,373 
3,843 






1,950 


101 
124 
146 


860 
1,936 
4,777 


31 
64 
74 


187 
562 
934 


2,755 
12,293 
14,430 


25,525 
23,386 
20,579 


28,005 
34,447 
33,566 




414 




7,848 


212 


5,898 


1,950 


371 


7,581 


159 


1,683 


29,478 


69,481 


96,018 


414 


28,752 


700 


26,802 


1,960 


1,439 


34,874 


739 


8,072 


163,257 


545,349 


692,375 


1,414 


28,752 


TOO 


26,802 


1,960 


1,439 


34,874 


739 


8,072 


170,773 


558,842 


712,536 


1,414 








1 






382 


45 


388 













7 

110 

1,341 


60 

796 

32,009 


7 

110 

1,841 


60 

795 

32,009 


1,063 
2,379 
1,252 


6,902 

6,737 

191,739 


7,877 

7 879 

192,864 


122 















1 




9,906 
















1,458 


32,864 


1,458 


32,864 


4,714 


204,378 


208,620 


10,028 












333 

2,608 
106,080 


328 

146 

4,674 


333 

2,608 
106,089 




328 

146 

4,674 


333 

2,608 
106,089 







• 

1,404 

6,177 

10,203 


2,194 

2,473 

118,790 


3,454 

8,035 

127,970 


60 








114 






............ 


29,453 


109,030 


5,148 


109,030 




5,148 


109,090 




17,784 


123,457 


139,459 


29,627 






2,088 

2,604 

67,878 


172 

151 

3,379 


2,073 

2,394 

57,878 


15 

210 




172 

155 

3,517 


2,073 

2,569 

62,147 




4 

138 




175 

4,209 


1,225 
1,897 
8,220 


5,392 

8,517 

154,640 


6,484 

10,227 

162,088 


110 

127 

15,556 


62,570 


3,702 


62,345 


225 


3,844 


66,789 


142 


4,444 


11,342 


168,549 


178,759 


15,792 


171,600 


8,850 


171,375 


225 


10,450 208,683 | 1,600 


37,308 


33,840 


496,384 


526,838 


55,447 


171,600 


8,850 


171,375 


225 10,450 


206,683 i 1,600 


37,308 


34,222 


496,429 527,226 

1 


55,447 
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i;(« 


1.4M) 


aca 


S,475 

'wo 





1S3 





ies 


s' * 


Wl> 


M 


!e,ui 


12,079 


219 


10,740 


» 


BM 


41 


MS 


y WO 



"■i>,»i.: 


TTT7 


S&,087 


44,371 


Wl 


4i,»,a 


19 1,123 1 4 


1 683' i' ** 


1 


1 .1 1 ■ II : 






fi2 
"1 


60 
312 

3,130 


241 ;oM 


3,1H 
34i;0S5l 


1.^ 


i'mo 
aoii;i7s 


19 1 34,910!:::;:: 


';EE:;'E;;;;';;;;;;;:i 



27 1 


I, wo 


1 

a,73« 










i. 






^ 


4« 


440| 


2l,13» 
















.^— ^ 


,1: 


3.8SO 


i,9ic ; 


i,i»4 

1,27.', 1 


32 
3,761 


miI 


2^1 



IS.TSS 


h. 


1; \ 




■ta 


1.-L 


632, S2S! 


i3B,4M 


3,1*45 


519, 2M 


2fl! 


15,755 1 


■"» 


1,417 1 


——7' 



;m 2,340 1 


SI9,72B| 


782, a:. 


\ti^ 1 


730, HI 1 


S 50,01)5 


791 


1,117. 





."T 1 


««,721> 1 


7(U,2a:t 


5,2'..P. 1 


7«>.Hll 


5 SO,W.^ 


79| 


1,417 1 
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by induttry ntbgroupf, by eharaeUr of power tupply — Contiiiued. 



Poirer*«iipi>ly equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


TotaL 


Run by current feen' 
eratod in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
Gong tons). 


Bltnmfr 

nous (short 

tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Number. 


Horse> 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


10 


ao 


31 


22 


23 


24 


2A 


26 


27 


















3,559 


9,731 


12,031 


118 



























483 

833 
2,601 


2,453 

5,915 

30,449 


483 

833 

2,601 


2,458 

5,915 

t 30,449 


23,185 
29,517 
42,280 


70,714 

60,504 

248,603 


100,514 

96,104 

286,000 


2,867 










'671 










10,242 


















..%....... 


4,007 


38,817 


4,007 


38,817 


94,082 


398,001 


482,706 


13,780 












42,920 

8,535 

11,758 


17,476 
569 
977 


42,920 

8,535 

11,758 




17,475 
569 
977 


42,920 

8,535 

11,758 






27,649 
2,154 
2, IX 


36,968 
25,075 
30,447 


61,768 
27^015 
32,357 


663 








79 



















63,213 


19,021 


63,213 




10,021 


63,213 






31,923 


92,490 


121,140 


742 










8,322 

8,7» 

37,566 


940 

818 

1,7M 


6,262 

8,799 

27,565 


2,000 




1,137 
1,486 
3,213 


7.529 
12,650 
43,271 


107 
668 

1,419 


1,267 

3,851 

15,706 


119,020 
19,239 
80,906 


45,504 

52,572 

150,084 


152,524 

60,872 

222,784 


1,503 
1,211 
1,919 


44,686 


3,552 


42,626 


2,060 


5,836 


63,450 


2,284 


20,824 


219,165 


248,160 


445,180 


4,633 


107,899 


22,573 


105,830 


2,060 


28,864 


165,480 


6,291 


59,641 846,070 


738,651 


1,049,028 


19,155 


107,899 


22,573 


105,839 


2,060 


28,864 


165,480 


6,291 


59,641 


349,629 


748,382 


1,061,959 


19,273 
















"••••■•••••" 


1,771 


247 


1,837 













927 
131 
228 


3,126 

705 

1,481 


927 
131 
228 


3,126 

705 

1,481 


93,616 
4,355 
7,217 


138,193 
5,575 
2,812 


222,493 
9,506 
9,312 


3,234 










' 





























1,286 


5,312 


1,286 


5,312 


105,188 


146,580 


241,310 


3,234 


6,653 


1,369 


6,653 




1,360 


6,653 






24,478 


26,357 


48,357 


1.131 


.......... 








3,639 
221 
203 


534 

102 
22 


2,254 
221 
203 


1,385 




972 
261 
243 


4,268 
634 
636 


438 
159 
221 


2,014 
413 
433 


37,820 
4,999 
4,353 


46,670 

10,806 

3,001 


80,670 

15,266 

7,521 


467 

39 




4,063 


658 


2,678 


1,385 


1,476 


5,538 


818 


2,860 


47,132 


61,077 


103,457 606 


10,716 


2,027 


9,331 


1,385 4,131 


17,503 


2,104 


8,172 176,798 


234,014 


393,124 1 4,871 


10,716 


2,027 


9,331 


1,385 1 4,131 


17,503 


2,104 


8,172 


178,509 


234,261 


394,961 1 4,871 
















/ 


1 
90 


80 










2 



60 



120,963 


2 




60 



17,905 

17,441 

2,734,426 


2,749 




18,900 

15,700 

2,460,000 
























1 2,505 


2.505 120.983 













1 2,507 


y 1 , , 






M 






121,043 


2,597 


121,043 


2,769,862 


2,749 


2,494,600 





2,736 

4,163 

H240 


91 
112 
325 


2,736 

4,163 

14,240 




91 
112 
325 


2,736 

4,163 

14,240 






3,195 

2,361 

23,085 




20 




2,980 

2,140 

18,100 





























21,139 


528 


21,139 




528 


21,130 1 1 


25,641 


20 


23,220 





512 

1,130 

94,722 


30 

42 

1,281 


512 

1,130 

94,722 







30 

42 

2,449 


512 

1,130 

150,422 






1,168 






64,700 


1,198 

24,077 

5,731,766 


1,327 



25^567 


2,300 

21,700 

5,180,000 







96,364 


1,353 


96,364 





2,521 


161,064 


1,168 


61,700 


5,767,041 


26,894 


5,204,090 





117,503 


1,881 


117,503 


p 5,646 


303,246 


3,765 


185, 7 13 


8,552,544 


29,663 


7,721,910 1 


117,503 


1,881 


117,503 





5,646 


303,216 


3,765 


185,743 


8,552,634 


29,663 ; 7,721,990 
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Tabub 46. — Mtchanioal powet-mipTply equipment and find tued 





• 

1 


EUce of plant 
(hoiaapower.) 

« 


Bstabliahmenta. 








Pow«r«ipply equtpment 


• 






• 


Num- 
ber. 


Aver- 
age sise 
(horse- 
power). 


Aoregate 
horse- 
power. 


Prime movers. 


1 

1 


Total 
horae- 
power. 


Steam engines. 


Steam turbines. 


Intemal-oombus- 
tion engines. 


Water wbeeb. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


power. 


Num- 
ber. 


Hone- 
power. 


1 


2 


8 


4 


5 


6 


7 


8 


9 


lO 


11 


12 


18 


14 


1 
16 




Nop 

Steal 
1 
2_ 


ower 


88 


*" 
























n Dower only: 





















1 


213 
35 
14 


71 

314 

1,223 


15,088 
11,005 
17,1.W 


15,088 
11,005 
17,158 


356 
131 
114 


14,837 
11,006 
14,168 


6 

5 


201 



2,990 










m.jtfin 










501 and above... 










s 









1 


262 


1A5 


43,201 


43,201 


601 


40,010 


11 


3,101 



















«* 


Pure 
po, 

a 

5 


based electric 

irer only: 

-200 


78 
8 

4 


72 
300 
806 


5,620 
2,405 
3,226 




















V 


01-600 




















01 and Above... 








• ••■•••a ,, 


















, 










go 


125 


11,260 




















o* 




















1 


AUo 
1 
2 


tber power: 
-200 


131 
41 
31 


71 

303 

1,123 


9,315 
12,431 
34,824 


5,863 

7,693 

18,293 


123 
117 
315 


4,096 

6,220 

14,020 





1 






275 


93 
20 
20 


1,352 

377 

3,848 


7 
8 
2 


475 

1,096 

150 


1 

■ 


01-500 


01 and above... 


Total power.. 
Grand total — 

/Steampower only: 
501 and above... 


203 


279 


56,570 


31,849 


555 


24,276 


1 


275 


133 


5,577 


17 


1,721 


S 


555 


200 


111,031 


75,050 


1,156 


64,286 


12 


3,466 


133 


5,577 


17 


1,721 




643 




111,031 


75,050 


1,156 


64,286 


12 


3,466 


133 


5,577 


17 


1,721 


• 


1 
8 


20 
6,480 


20 
51,856 


20 
61,856 


1 
34 


20 
19,660 



20 



32,196 










s 










wt 















5,760 


51,876 


51,876 


35 


19,680 


20 


32,196 










1 


........ 








Pure 
S 


based electric 

wer only: 

-200 


13 

1 


70 
225 


906 
225 




















101-500 















.^. ........ 
























1 


g 


All other power: 
501 and above... 


14 


81 


1,131 














' 






> 




•••»•.«. 
















o 

o 

• 


8 


6,340 


49,722 


25,658 


21 


10,648 


16 


14,000 


4 


! 100 


3 


910 






Total power.. 


31 


3,350 


102,729. 


77,534 


50 


30,328 


36 


46,196 


4 


100 


3 


910 



I 
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hy industry aubgroujn, by ehtaradar of power nipply — Continued. 



Power-sapplj oqtiipmeiit— Continued. 


Eleetrio motors. 


Fu^Iuaed. 


Oporeted by poichaMd energy. 


TotaL 


Run by current lan- 
ment. 


Coal. 




Total 
boraopowar. 


Electric motors. 


Other 
(horse- 
power;. 


Anthiadte 
(long tons). 


Bitumi- 
nous (short 
tons)* 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 


Nmnber. 


Horso- 
power. 


tons). 


Nmnber. 


Horse- 
power. 


Number. 


Hofse* 
power. 




16 


17 

1 


18 


19 


90 


31 


33 


38 


34 
35 


35 


36 


37 


















002 


638 












8 
21 
02 


106 
386 

4,307 


8 
21 
02 


195 

380 

4,807 


5,068 

3,730 

27,188 


00,586 
33,484 
47,753 


65,140 
36,830 
72,300 


41 





















12 



















91 


4,948 


91 


4,948 


35,921 


141,822 


174,170 


53 













5,029 
2,405 
3,230 


173 
31 
70 


5,829 
3,230 




ITS 
31 
70 


5,820 
3,220 






S26 



64 


1,440 
069 
814 


1,730 
609 
870 































11,200 


274 


11,200 




274 


11,200 






389 


2,923 


3,209 













3,452 

4,738 

10,531 


130 
140 
239 


3,452 

4,738 

10,531 







130 
141 
292 


3,452 

4,753 

19,300 






2,083 
1,007 
5,196 


17,258 
18,310 
65,212 


19,670 
19,700 
59,880 


41 


i 

63 


15 
2,709 


50 
184 


24,721 


515 


24,721 





509 


27,505 


54 


2,784 


9,488 


90,780 


99,310 


275 


35,961 


7». 


35,961 





934 


43,713 


145 1 7,732 


45,798 


235,535 


276,749 


328 


35,961 


789 


35,981 





034 


48,713 


145 7,732 


45,833 


236,127 


277,382 


328 











0,732 



74,478 



0,732 



74,478 



12,822 


1,211 
200,078 


1,211 
211,618 


781 










2,025 




















0,732 


74,478 


6,732 


74,478 


12,822 


201,289 


212,829 


3,806 











900 
225 


400 
21 


900 
225 




400 
21 


900 
225 






3,530 
340 


960 



4,138 
306 






















1,131 


481 


1,131 




481 


1,131 






3,870 


966 


4,444 













24,004 


1,338 


24,004 





5,433 


55,814 


4,096 


31,750 


7,077 


201,404 


208,313 


726 


26,196 

1 


1,819 


25,195 





12,046 


131,423 


10,827 


106,228 


34,375 


403,649 


425,586 3,532 
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Tablb 47. — Mechamedi pawer-ntpply equipmenl, 

[Dau from eensiu of 



1 

1 


• 

County. 

1 


Size of plant 
(honepowfli). 


• 

EstabUshments 


Power-aupply equipment. 


1 

r 
1 


repomng 
powef. 


AnreCBte 
horse- 
power. 


Prime movers. 


State. 

1 


Num- 
ber. 


Aver- 

size 
(horse- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam tmhines. 


1 
1 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
povrer. 


1 


1 

2 


3 


4 


5 


6 


7 


8 





10 


11 




[Cbeahire 


fl-200 


141 

22 

6 


51 
350 
938 


7,209 
7,692 
5,628 


6,573 
6,645 
4,686 


68 
32 
19 


4,028 
3,605 
3,345 


3 

1 



65 

UO 






201-500 




501 and above 




HllbiNjrmirh 


1-200 




169 


121 


20,529 


15,903 


119 


10,878 


4 


2U 




317 

29 
18 


33 

262 

4,920 


10,668 

7,640 

88,682 


6,568 

5,065 

67,171 


89 
36 
60 


4,629 

3,706 

21,475 


2 

3 

14 


75 

460 

30,839 




201-600 




501 and above 




Mwrimack. 


n-200 


Srv Hampshin . . . . 


364 


291 


106,880 


78,804 


185 


29,810 


19 


31,354 


163 
18 
13 


40 

316 

1,710 


6,515 

5,685 

22,398 


3,877 

5,085 

18,755 


60 
18 
48 


2,651 
2,065 
6,316 














201-500 




501 and above 




Rockinffluun 


1-200 




194 


177 


34,598 


27,667 


126 


11,061 










164 
3 
5 


35 
255 

2,806 


5,724 

785 

14,090 


4,153 

765 

13,530 


71 

2 

19 


3,476 

475 

11,900 




2 






760 




201-500 




501 and above 




"RAfininfftim . . 


fl-200 




172 


119 


20,519 


18,448 


92 


15,851 


2 


•m 




111 

13 
6 


41 

286 

1,104 


4,546 
3,723 
6,623 


3,712 
2,770 
4,273 


49 
12 
10 


2,426 
1,766 
1,830 




2 






1,3S3 




201-500 




501 and above 




Windham. , . 


1-200 




130 


114 


14,892 


10,755 


71 


6,021 


2 


1,363 


Vermont ' 


147 

15 

5 


41 

333 

2,572 


6,061 

4,996 

12.862 


4,941 

3,110 

10,930 


65 
18 
20 


2,846 
2,170 
2,030 












. 


201-500 




501 and above 




Barnstable 

Berkshire ..•.. 


fl-200 




167 


143 


23,939 


18,961 


103 


7,046 










31 

1 


14 
925 


432 
925 


340 
900 


8 
3 


222 

900 


1 



46 






501 and above 




1-200 






32 43 


1,357 


1,240 


11 


1,122 


1 


48 


• 

1 


221 
25 
29 


29 

304 

2.230 


6,414 

7^594 

64,575 


3,401 

5,319 

62,112 


54 

37 

194 


1,871 

3,928 

24,726 


2 

3 

13 


100 

440 

14,658 




201-500 




501 and above 


, 


Bristol 


1-200 


' 






275 285 


78^583 


60^832 


285 


30^526 


18 


15^196 1 




815 

44 

111 


22 
298 

2,820 


18,326 

13,171 

313,483 


6,809 

7,807 

255^100 


115 

62 

270 


^543 

^301 

214^201 


4 

8 
40 


135 

760 

37,084 




201-^500 




501 and above 




nnlrAa 


t ■ 

1-200 




970 


354 


344,980 


269,716 


447 


226^045 


52 


37,«:« 




12 


11 


126 


121 


8 


43 










4 

fl-200 


■ 


x/uxes. ................ 

Essex 


12 


11 


126 


121 


8 


43 








Mftsmchudcttfl - . . r - . . 


1,197 
57 

i 58 


26 

310 

3,400 


38,427 

17,681 

196,800 


10,992 

12,569 

162,990 


180 

88 

285 


9,880 
11,584 
47^318 


6 

3 

65 


240 

175 

97,787 




201-«X) 

501 and above 




Franklin 

Hampden 


1-200 




1 1,612 


156 


252,908 


186, .Ul 


553 


68^791 


74 


96^302 




181 
7 

n 


37 

316 

1,937 


6,699 

2,213 

21,305 


3,523 

1,575 

14,176 


36 

3 

19 


1,665 

825 

3,150 


1 

2 


50 



1,900 




201-600 

501 and above 




1-200 




199 


150 


1 30,217 


19,274 


58 


5,130 


3 


1,850 




652 

•44 

60 


29 

308 

3,365 


18,995 

13,307 

201,932 


7.483 

7,896 

139,576 


96 

52 

225 


5^758 

5^781 

46^231 


1 

2 

37 


75 

70 

»,7W 




201-500 

501 and above 




Hnxnnshire. . __i 


1-200 


, 


756 


310 


234,235 


154,955 


372 


56,770 


40 


28,905 




145 
12 
12 


35 

312 

2,865 


5,135 

3,745 

34,380 


2,926 

2,755 

16,958 


34 

14 
20 


1,662 
1,935 
4,087 


2 

5 


22 



5^947 


• 


201-500 

501 and above 


1 








169 


255 

1 


43,260 


22,639 


68 


7,534 


7 


5,966 
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by counUea and nze of plant, 
manufaetiires, 1919.] 



Power-sappty •qaipment— Contlxiiud. 


Electric motors. 




Prlmo mow) — Contlnood. 


Operated by purchased eneigy. 


Total. 


Bun by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
noi>ower. 


Intcrxuil-oombiis- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


Klentrlc motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Hone- 
poirer. 


Num. 
ber. 


Harse- 
powor. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




12 


18 


14 


Iff 


16 


17 


18 


19 


SO 


21 


22 


23 


24 







133 




33 
26 

10 


1,347 
1,990 
1,340 


1,636 

2,047 

943 


236 
92 
69 


1,636 

1,932 

943 




115 




237 

158 
84 


1,639 
2,573 
1,113 


1 
66 
15 


3 
641 
170 




.....^. ..... 




9 


133 


60 


4,677 


4,626 


397 


4,511 


115 


479 


5,325 


82 


814 


17 


24 




196 




44 

9 
65 


1,666 

909 

14,857 


3,990 

2,575 

21,511 


' 783 

273 

1,779 


3,740 

2,575 

21,511 


250 




799 

502 

2,879 


3,910 

4,249 

53,110 


16 

229 

1,100 


170 

1,674 

31,599 










24 


198 


118 


17,432 


28,076 


2,835 


27,820 


250 4, 180 


61,209 


1,345 


33,443 


50 


8 
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34 
34 
46 


1,100 

2,950 

12,440 


2,638 

650 

3,643 


453 

32 

470 


2,612 

650 

3,643 


26 




467 

56 

562 


2,696 
1,006 
4,337 


14 
24 
92 


84 
356 
604 












8 


126 


114 


16,490 


6,031 


• 955 


6,905 


26 


1,065 


8,039 


130 


1,134 


20 


14 
2 



207 

230 




14 
2 
6 


470 

60 

870 


1,571 



500 


230 



111 


1,571 



500 







276 

15 

663 


1,783 



6,855 


46 

15 

552 


162 

79 

6,355 












16 


437 


22 


1,400 


2,071 


341 


2,071 





954 


8,667 


613 


6,596 


24 


14 

4 



102 

50 




38 
15 
11 


1,184 

965 

1.080 


834 

953 

2.350 


132 
64 
26 


834 

953 
2,350 







132 

76 

168 


834 
1,271 
3,000 




12 

142 



318 
650 








"1 "*'*' / - 






18 


152 


64 


3,219 


4,137 


20O 


4,137 


1 376 


5,105 154 


968 


14 


21 




167 




55 
14 
34 


1,928 

940 

8,900 


1,140 
1,886 
1,932 


242 

205 

72 


1,140 
1,885 
1,932 






244 
325 


2,780 
2,195 
2,927 


2 

120 
32 


1,640 
309 
995 






1 104 






21 


167 


103 


11,768 


4,958 


519 


4,968 





673 


7.902 


154 


2,944 


7 


12 



59 



3 



11 



92 
25 


10 
1 


92 
25 






10 
153 


92 
2,215 



152 



2,190 








12 


50 


3 


11 


117 


11 


117 


• 


IV 


2,307 


152 


2,190 


20 


18 
2 



847 

110 




25 
11 
81 


1,063 

841 

12,728 


3,013 

2,275 

12,463 


512 
234 

847 


3,001 

2,275 

12,468 


12 




559 

316 

5.334 


3,144 

3,018 

49,068 


47 

82 

4,487 


143 

743 

36,605 








" ' 




20 


457 


117 


14,652 


17,751 


1,593 


17,789 


12 1 6,209 


55,230 


4,616 


37,491 


40 


41 
5 
3 


484 
221 
675 


18 

9 

46 


647 

525 

3,140 


11,517 

5,364 

58,383 


2,023 
378 

3,ow 


11,517 

5,364 

58,383 







2,044 

487 

6,757 


11,832 

7,021 

106,388 


21 

109 

2,908 


315 

1,657 
• 48,006 










49 


1,380 


73 


4,312 


75,264 


6,250 


75,264 





9,288 


125,241 


3,038 


49,977 


120 


9 


78 








5 


5 


5 





7 


12 


2 


7 






9 


78 








5 


5 


5 





7 


12 


2 


7 


6 


38 



U 


403 



870 


13 
16 
57 


460 

810 

17,015 


27,435 

5,112 

33,810 


4,412 

584 

4,523 


21,724 

5,112 

33,810 


5,711 




4,688 

881 

17,011 


23,386 

8,962 

151,113 


276 

297 

12,488 


1,662 

3,850 

117,303 










40 


1,273 


86 


18,286 


66,357 


9,519 


60,646 


5,711 


22,580 


183,461 


13,061 


122,815 


210 


17 

1 



216 

125 




45 

7 

31 


1,602 
1,126 
9,726 


3,176 

638 

7,129 


620 

61 

991 


3,176 

638 

7,129 







757 

116 

1;128 


3,804 

1,066 

10,319 


128 
56 

137 


628 

448 
3,190 










18 


341 


83 


12,453 


10,943 


1,681 


10,943 





2,001 


15,209 


320 4,266 


15 


14 
1 

4 


200 

3 

52 


38 

27 

177 


1,441 

2,042 

64,533 


11,612 

5,411 

62,357 


2,347 

630 

2,849 


11,188 

5,411 

50,257 


324 



12,100 


2,450 
1,046 
5,413 


12,000 

7,685 

99,418 


108 

416 

2,564 


902 

2,274 

40,161 










19 


264 


242 


68,016 


79,280 


5,826 


66,856 


12,424 


8,909 


119,193 


3,083 


52,337 


135 




3 


127 



635 


36 

8 

36 


1,215 

820 

6,339 


2,209 

990 

17,422 


334 

119 
1,652 


2,209 

990 

17,422 






• 


399 

383 

1,850 


2,310 

• 1 222 

23,534 


65 
264 

198 


101 

232 

6,112 










9 


762 


80 


8,374 


20.621 


2,105 


20,621 


2,632 


27,066 


527 


6,445 


34 
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Table 47. — Medianiad power-mpplif equipment^ 



SUte. 



MassadmseCta.. 
(Continued.) 



County. 



MlddlMflx. 



Nantuekot, 



Norfolk. 



Plymouth. . 



Suffolk.. 



Woroestor. 



Rhode Island. 



r Bristol. 



Kent. 



Newport. 



Providenje. 



Washington.. 



Conneetiout. 



/fUifleld. 



Hartford. 



Utchflekl. 



Slie of plant 
(horsepower). 



a-200 

aoi-fioo 

501 and above 



ii-aoc 



a-aoo 

201-fiOO 

501 and above 



ri-200 

201-500 

501 and above 



1-20O 

201-500 

501 and above 



a-20O 
201-500 
501 and above 




a-200 

201^500 

501 and above 



1-200 

201-500 

501 and above 



1-200 

201-500 

501 and above 



fl-200 
201^500 
501 and above 



a-200 
201-500 
501 and above 



1-200 

201^500 

501 and above 



1-200 

201-<600 

fiOl and above 



1-200 

201-^500 

501 and above 
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by counties and me of plemi — Contiiiued. 



Power-fQpply equlpmant— Continued. 


Electric motors. 




Prime moren— Oontinned. 


Operated by porchaaed energy. 


TotaL 

« 


Run by current 

generated in 

establishment. 


Nimiber 
of estab- 
lishments 
reporting 
no power. 


Intemal-oambas- 
tioQ engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Hone- 
power. 


Nam* 
ber. 


Horse- 
power. 


Nomber. 


Horse- 
power. 


Nmnber. 


Hors^ 
power. 


Number. 


Horse- 
power. 




13 


18 


14 


15 


16 


17 


18 


19 


30 


21 


ZZ 


23 


24 


80 
5 

1 


1,413 

379 

10 


34 

16 
113 


1,067 

1,185 

29,722 


22,532 
12,084 
55,094 


4,335 
1,357 
3,809 


20,621 
12,084 
56,094 


1,911 




4,507 
1,973 
9,511 


22,336 

16,339 

. 124,198 


262 

616 

5,702 


1,715 

4,256 

69,104 










86 


1,802 


163 


31,974 


89,710 


9,501 87,799 


1,911 


16,061 


162,873 


6,580 


76,074 


273 










































0. 





























' 





3 


18 

4 
2 


231 

453 

52 


13 
17 
17 


468 
1,197 
1,010 


7,687 

4,468 

21,143 


1,393 

363 

2,106 


7,433 

4,466 

21.142 


254 




1,477 

671 

2,557 


7,779 

6,018 

28,309 


84 
308 

451 


346 
1,550 
7,166 










7A 


736 


47 


2,675 


83,298 


3,862 


33,044 


254 


4,706 


42,106 


843 


9,062 


58 


19 
3 



351 

136 




29 
11 

8 


832 
531 
610 


7,528 
4,786 
4,876 


1,368 
847 
506 


6,796 
4,786 
4,876 


730 




1,444 
910 
680 


7,427 
5,460 
8,360 


76 

63 

174 


629 

664 

3,484 










22 


487 


48 


1,973 


17,190 


2,721 16,460 


730 


3,034 


21,237 


313 


4,777 


53 


64 
6 
5 


1,224 
2M 
425 


7 

1 
17 


164 

85 

500 


39,925 
15,563 
18,697 


8,866 
2,246 
1,563 


29,106 
15,003 
18,497 


1,819 
4fl0 
200 


9,302 
3,259 
4,809 


31,271 
10,044 
43,660 


526 
1,013 
3,246 


2,165 

3,961 

26,162 










75 


1,853 


25 


699 


65,175 


12,675 


62,606 


2,479 


17,460 


93,974 


4,785 


31,278 


608 


44 


2 


842 



827 


103 
65 
76 


4,120 

5,195 

17,079 


23»546 
15,364 
75,348 


4,384 
1,823 
4,151 


23,091 
15,364 
75,348 


455 





4,694 
2,513 
6,696 


26,223 

19,038 

106,601 


310 

600 

2,544 


2,132 

3,674 

31,253 










46 


1,660 


244 


26,404 


114,258 


10,358 


113,803 


455 


13,902 


150,862 


3,644 


37,059 


168 


2 





8 














656 

363 

5,362 


127 

6 

256 


654 

363 

5,362 


2 




127 

6 

283 


664 

363 
6,229 






27 






867 










2 


8 








6,381 


389 


6,379 


2 


416 


7,246 


tl 


867 


15 


6 
2 



55 

20 



1 

3 

53 


25 

300 

8»885 


1,138 
500 




329 
43 




1,103 

500 




35 




331 
188 
382 


1,126 

946 

4,534 


2 
145 
382 


23 
446 

4,534 










8 


75 


57 


9,210 


1,638 


372 1,603 


35 


901 


6,606 


529 


5,003 


9 


32 

2 


447 



15 


3 




110 




515 
350 
383 


157 

45 

5 


515 
350 
333 







160 

45 

683 


523 

350 

4,876 


3 



678 


8 



4,643 










34 


462 


3 


110 


1,196 


207 


1,198 





888 


5,749 


681 


4,561 


25 


43 

1 
6 


6S2 
4 

3,125 


27 

23 

103 


9T7 

2,109 

14,476 


26,779 
10,201 
49,842 


5,315 
1,211 
4,617 


26,458 
10,201 
49,842 


1,321 




5,606 

1,583 

10,670 


27,666 

13,404 

101,936 


291 

372 

6,153 


2,206 

3,203 

52,094 










50 


3,781 


153 


17,562 


86,822 


11,043 


86,501 


1,321 


17,850 


143,006 


6,816 


57,506 


875 


16 
2 



101 

35 




21 

23 

6 


953 

1,120 

306 


894 

831 

1,232 


214 
64 
27 


839 

831 

1,232 


65 




347 
143 
109 1 


1,079 
1,523 
2,601 


133 
79 
82 


240 

602 

1,369 










18 


139 


60 


2,381 


2,967 


305 


2,902 


55 


599 


5,203 


294 


2,301 


15 


65 
4 

8 


1,051 
855 
869 


33 

7 

13 


1,927 
1,062 


H165 

&326 

87,743 


2,400 

616 

2; 865 


14,166 

6,326 

37,743 







2,619 

876 

6,569 


15,177 

9,013 

75^237 


219 

260 

3,704 


1,012 

^687 

37,494 










77 


2,275 


33 


4»211 


68,234 


5,881 


58,234 





10^064 


99,427 


4,183 


41,193 


160 


28 
12 

1 


265 

238 

60 


27 
43 
68 


816 

3,033 

10^571 


13,722 

7,744 

50^284 


2,318 
583 

2,642 


13,722 
7,744 

50,284 







2,563 

800 

3,966 


15,298 

9,773 

68^590 


245 

217 

1,324 


1,576 

2,029 

18,306 










42 


563 


138 


H420 


71,750 


5,543 


71,750 





7,329 


93,661 


1,786 


21,911 


1§1 


36 





545 





46 
16 
10 


1,682 

1,040 

880 


2,030 

489 

3,525 


288 

36 

274 


2,018 

489 

3,525 


12 




472 
115 
603 


2,941 

1,555 

13,478 


184 

79 

329 


923 
1,066 
9,953 










36 


545 


72 


3,602 


6,044 


598 


6,032 


12 


1,190 


17,974 


592 


11,942 


35 



63361 •—21- 
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Tablb 46. — Mechanical power-mipphf equipment and fuel uKd 




t 

OQ 



No power 

Steampower only: 

TDl-^KXl'.V.'.V.V.W 
501 aiid above. . . 

Purchased electric 
power only: 

1-200 

201-500 

501 and above. . . 

All other power: 

1-200 

201-600 

501 and above... 

• 



Total power. 
Orand total... 



350 



655 229,078 I 67,478 



393 1 229,078 



57, 478 



233 I 



233 



29,022 23 28,196 167 2,213 2 


29,022 23 1 26,196 167 2,213 2 



Jl 
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by mduttry wogrowpi^ by dharaitiUT of power tupply — Continued. 



PowH^<apply eqoipmeot— Continued. 


Electric motors. 


Fuel used. 


Opcnted by purehMed energy. 


TotaL 


Run by cuzrent gen- 
erated in establlih- 
ment. 


Coal. 




Total 
liQvsepower. 


SleetilD motors. 


Other 
(liore^ 

power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Number. 


Hcrse- 
power. 


Number. 


Horse* 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


ao 


ai 


22 


23 


34 


3A. 


96 


»7 


















20 


254 


373 


.8 










30 

254 

9,007 


242 

2,384 
42,891 


90 
254 

0,007 


242 

2,384 
42,891 


677 
5,908 
5,645 


2,508 
17,941 
45,828 


3,118 
33,241 
50,898 


10 










503 










2,414 




















9,291 


45,517 


9,391 


45.517 


12,230 


66,277 


77,257 


3,016 


10,510 

5,968 

12,996 


3,257 
1,267 
1,329 


10,510 

5,968 

12,396 




3,257 
1,267 
1,339 


10,510 

5,968 

12,396 






5.963 
7,041 
5,161 


11,061 
17,830 
22,955 


-6,^1 
24,140 
27,605 


460 








687 









400 








28,874 


5,853 


38,874 




5,853 


28,874 






18,165 


51,386 


68,176 


1,566 


.......... 








994 

1,2S2 

71,962 


125 

316 

12,073 


767 

1,252 

71,962 


227 




233 

380 

25,421 


1,239 

1,797 

163,894 


108 

73 

13,348 


472 

545 

91,932 


2,938 

9,743 

53,991 


4,170 

8,042 

364,960 


6,810 

16,802 

414,360 


2 

312 
5,782 


74,208 


12,514 


73,981 


227 


26,043 


166,930 


13,529 


92,949 


66,672 


377,172 


437,972 


6,096 


103,082 


18,367 


.102,855 


227 41,187 


241,321 


22,820 


138,466 


97,067 


485,285 


583,405 


10.668 


103,082 


18.367 


102,855 


227 41,187 


241,321 


22,820 


138,466 


97,087 495,539 


583,677 10,676 


••••"*•*•*•* 


********** 














7,516 


13,493 23,201 i 










49 
162 
369 


482 
1,331 
4,576 


49 
162 
369 


482 
1,331 
4,476 


23,875 
25,270 
81,195 


120,156 
107,876 
223,719 


141,648 
130,619 
302.794 


1,000 
































■ 














580 


6,389 


580 0,389 


133,340 


457,751 


575,061 


1,000 


1,747 

3,999 

15,167 


93 

93 

302 


1,747 

3,990 

15,167 




93 

93 

302 


1,747 

3,990 

15,167 






3,145 
106 
188 


4,367 

388 

13,352 


7,197 

483 

13,616 































20,904 


488 


23,904 


488 


20,904 






3,433 


18,107 


21,196 





682 
1,373 
5,793 


70 
70 
72 


682 
1,373 
3,843 


s: 





1,960 


101 
124 
146 


860 
1,935 
4,777 


31 
54 
74 


187 
562 
934 


2,755 
12,293 
14,430 


25,526 
23,386 
20,579 


28,005 
34,447 
33,566 




414 




7,848 


212 


5,808 


1,950 


371 


7,581 


159 


1,683 


29,478 


69,491 


96,018 


414 


28,752 


700 


26,802 


1,950 


1,439 


34,874 


739 


8,072 


163,257 


545,349 


092,375 


1,414 


28,752 


700 


26,802 


1,950 


1,439 


34,874 


739 


8,072 


170,773 


558,842 


713,536 


1,414 








1 

1 




1 




382 


45 


388 













7 

110 

1,341 


60 

705 

32,009 


7 

110 

1,341 


60 

795 

32,009 


1,083 
2,379 
1,252 


6,902 

5,737 

191,730 


7,877 

7,879 

192,864 


122 




1 









;;;;;;;;;t;;;;; 




9,906 










1,458 


32,864 


1,458 


32,864 


4,714 


204,378 


208,620 


10,028 


333 

2,608 

106,080 


328 

146 

4,674 


333 

2,606 
106,089 




328 

146 

4,674 


333 

2,608 
106,089 


1 




1,404 

6,177 

10,203 


2,194 

2,473 

118,790 


3,454 

8,035 

127,970 


60 








114 








29,453 


109,090 


5,148 


109,030 




5,148 


109,090 




17,784 


123,457 


130,459 


29,627 








2,088 

2,604 

57,878 


172 

151 

3,379 


2,073 

2,394 

57,878 


• 

15 

210 




172 

155 

3,517 


2,073 

2,569 

62,147 




4 
138 




175 

4,260 


1,225 
1,897 
8,220 


5,392 

8,517 

154,640 


6,404 

10,227 

162,038 


110 

127 

15,555 


62,570 


3,702 


62,345 


225 


3,844 


66,789 


142 


4,444 


11,342 


168,549 


178,759 


15,792 


171,600 


8,850 


171,375 


225 


10,450 206,683 1,600 37,308 


33,840 


496, 3»4 


526,838 


55,447 


171,600 


8,850 


171,375 


225 


10,450 


206,683 1 1,600 


37,308 


34,222 


496,429 527,226 

1 


55,447 
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Tablb 46. — Mechanical power-mtpply equipment emdjuel used 



9 



b 



5* s 



^ I o 



Site of plant 
(horsepower). 



Establishments. 



3 



No power i 1, 8W 

Steampower only: 

201-906!'.'.'.'.'.'.'.'. 
501 and above.. 



Purchased electric 
power only: 

1-aoo 

201^500 

501 and above. . . 



All other power: 

1-aoD 

201-.50D: 

501 and above. - 



Aver- 
aeeslze 

(horse 
power). 



4,835 



796 



'. 



Total power. 
Grand total... 



No power 

Steampower only: 

201-666.**.".'.*!! 

601 and above. 



Pnrdiafled electric 
power only: 
1-aoo 

All other power: 

1-aoo 

a01-<fi00 

501 and above... 



5^968 



7,802 



33 



735 



542 



286 



Total power..! 1,563 
Grand total.... I 1,590 



No power 

Steam power only: 

201-566!!!!!!!! 
501 and above. 



Purchased electric 
power only: 

1-200 

201-500 

501 and above... 



All other power: 

1-200 

201-500 

501 and above. 



48 



Cl'otal power. 
Grand totaL.. 



Powtf-Bupply equipment. 



Prime movers. 



Lnregate 
horse- 
power. 



71 

319 

1,600 



223 88,956 88,956 071 



21,657 
20^775 
46»524 



42,920 
8,535 

11,758 



21,657 
20^775 
46^524 



Steam englneB. Steam turUnes. 2JS^j55es?*' ^•'«"'»«'« 



Num- 
ber. 



8 



63,213 



24,525 
23>607 
60,720 



159 117,861 



45 270^030 162,1311 1,183 119,509 



28,512 
2,000 
1,780 



16,203 
14,808 
42,164 



73,175 



512 



270,090 162,131 1,183 119,502 



power. 







21,242 
20^350 
30,255 



71,847 



10 



power. 



11 



17,109 



9,049 
11,694 
26,102 



47, 745 



212 

250 

13^644 



18 



14,106 



52 



31, 215 352 



52 



28,512 
2000 
1,780 



44 32,292 32,292 772 



28,042 



352 



31,215 352 



power. 



18 



Num- 
ber. 



14 



8,797 

1,185 

532 



5,514 



5,514 



6,514 



122 



122 



31,822 



ID 



470 



12 



6,653 



12,053 
1,496 
1,093 



9,314 ; 
1,275 I 
1,490 1 



8,475 

1,275 

990 



41 


588 ' 


5 


98 



























56 16,142 12,079 219 10,740 



9 



663 



41 



588 



35 65,087 44,371 991 42,562 



60 

312 

3,130 



19 



1,123 



41 



588 



55,087 44,371 991 42,562 



19 



1,123 



41 



588 



3,114 

1,560 

241,085 



3,114 

1,560 

241,085 



3,114 

1,560 

206,176 



134 1,830 245,759 245,759 1,453 210,849 



19 34,910 



101 

345 

1,580 



2,736 

4,163 

14,240 



440 21, 139 



1,916 

2,405 

628,507 



1,404 

1,275 

533,785 



202 3,130 632,828 I 536,464 1 3,845 519,292 



775 

1,260 

517,257 




384 1 2,340 899,726 782,223 | 5,298 730,141 



387 899,726 1 782,223 1 5,298! 7J0, 141 



26l 


15,755 


79 


1,417 1 





45 


50,665 


79 


1,417 1 





45 


50,(i65 


79 


1,417 t 
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by inckutry 9ubgroup8f by eharoeier of power tuppfy — Continued. 



Poww-aoppiy equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


ToCaL 


Run by current gen- 
eratea in establish- 
ment. 

• 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
Gong tons). 


Bituml- 

noas (short 

tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 
(short 
tons). 


Number. 


- 

Horse* 
power. 


Number. 


Horse- 
power. 


Number. 


Horse> 
power. 




16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


















3,559 


9,731 


12,931 


118 
























483 

833 

2,601 


2,453 

5,015 

30,449 


483 

833 

2,691 


2,453 

5,915 

80,449 


23,185 
29,517 
42,280 


79,714 

69,504 

248,693 


100,514 

06,194 

286,000 


2,867 










671 










10,242 

















..t. ...... 


4,007 


38,817 


4,007 


38,817 


94,962 


398,001 


482,706 


13,780 










42,920 

8,535 

11,758 


17,475 
569 
977 


42,920 

8,535 

11,758 




17,475 
569 
977 


42,920 

8,535 
11,758 






27,649 
2,154 
2,120 


36,968 
25,075 
30,447 


61,768 
27,015 
32,357 


663 








79 



















63,213 


19,021 


63,213 




19,021 


63,213 






31,923 


92,490 


121,140 


742 












8,322 

8,799 

27^565 


940 

818 

1,794 


6,262 

8,799 

27^565 


2,060 




1,137 
1,486 
3,213 


7.529 
12,650 
43,271 


197 

668 

1,419 


1,267 

3,851 

15,706 


119,020 
19,239 
80,906 


45,504 

52,572 

150,084 


152,524 

69,872 

222,784 


1,503 
1,211 
1,919 


44,686 


3,552 


42,626 


2,060 5,836 


63,450 


2,284 


20,824 


219,165 


248,160 


445,180 


4,633 


107,899 


22,573 


105,830 


2,060 28,864 


165,480 6,291 


59,641 


340,070 


738,651 


1,049,028 19,155 


107,899 


22,573 


105,839 


2,060 28,861 


165,480 


6,291 


59,641 


349,629 


748,382 1 1,061,959 


19,273 
















1,771 


247 1,837 











* - -, , 










927 
131 
228 


3,126 

705 

1,481 


927 
131 
228 


3,126 

705 

1,481 


93,616 
4,355 
7,217 


138,193 222.403 


3,234 











5,575 
2,812 


9,605 
9,312 
























1 


1,286 i 5,312 


1,286 


5,312 


105.188 


146,580 241,310 


3.234 












6,658 


1,360 


6,653 




1,369 


6,653 




24,478 


26.357 1 48,357 


1 131 




* 








3,639 
221 
203 


634 

102 
22 


2,254 
221 
203 


1,386 




972 
261 
243 


4,268 
634 
636 


438 
159 
221 


2,014 
413 
433 


37,820 
4,9S9 
4,353 


46,670 

10,806 

3,601 


80,670 

15,266 

7,621 


467 

39 




4,063 


658 


2,678 


1,385 


1,476 


5,538 


818 


2,860 


47,132 61,077 


103,457 


506 


10,716 


2,027 


9,331 


1,385 4,131 


17,503 


2,104 


8,172 176,798 234,014 


303,124 1 4,871 


10,716 


2,027 9,331 


1,385 1 4,131 


17,503 


2,10ll 8,172 1 178,500 1 234,261 


394,961 1 4,871 












1 
1 


90 , 


80 1 








1 


1 










1 
2 60 


2 60 ' 17.995 


2,749 




18,900 

15,700 

2,460,000 

















120,963 



2,505 120,983 


17,441 
2,734,426 









•«•*■••••••• 




2,505 

















^ 






2,597 121,043 


2.507 


121,013 


2.760.862 


2,749 


2,494,600 

















2,736 

4,163 

14,240 


91 
112 
325 


2,736 

4,163 

14,240 




01 
112 
325 


2,736 






3,195 

2,361 

23,085 




20 




2,960 

2,140 

18,100 







4,163 
14,240 
























21,139 


528 


21,139 




528 


21,130 


1 


25.641 


2D 


23,220 















612 

1,130 

94,722 


30 

42 

1,281 


512 

1,130 

94,722 







30 

42 

2,449 


512 

1,130 

150,422 






1,168 






64,700 


1,198 

24,077 

5,731,786 


1,327 



25,567 


2,300 

21,700 

5,180,000 







96,364 


1,353 


96,364 


1 2,521 


161,064 


1,168 


61,700 


5,757,041 


26,894 


5,204,090 





117,503 


1,881 


117,503 


! 5,616 


303,246 


3,765 


lSo,7i3 


8,552,544 


29,663 


7,721,910 


117,503 


1,881 


117,503 


5,646 

1 


303,216 3,765 18-|,743 


8,552,634 


29,663 7,721,990 
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Tablb 47. — Mednaniad power-mipply equipmerU^ 





County. 


Site of plaiit 
(hoTMpower ) .- 


Bstablishments 

reporting 

power. 


Poww-snpply equipment. 




Aggregate 
norse- 
power. 


Prime movers. 


Btftta. 


Num- 
ber. 


Aver- 

(horae- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 




Nnm- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


3 


3 


4 


A 


6 


7 


8 


9 


10 


11 




/^hflharii^ 


ri-200 


50 

1 
3 


23 

801 

1,011 


i,in 

801 
4,838 


868 



8,638 


24 

8 


680 



1,083 


1 


1 


IC 



2,000 




201-500 




501 and above 




Suffolk 


fl-200 




54 


117 


0,306 


4,480 


32 


8,213 


2 


2,010 




134 
5 

1 


10 
351 
150 


2,542 
1,756 
1,600 


1,008 
1,756 
1,600 


34 
16 
14 


1,402 
1,755 
1,500 














201-500 




SOlandabdve 




Riiiiivdn,. 


fl-200 


140 


41 


6,707 


6,168 


03 


4,717 










120 

1 


23 
480 


2,068 
480 


2,764 
480 


73 

4 


2,107 
805 












201-600 




fl-300 




TJlster. 


130 


27 


3,468 


3,234 


77 


2,472 










225 


10 


33 

277 

1,140 


7,402 

2,486 

11,402 


6,004 
2,060 
7,288 


80 
18 
10 


8,827 
2,051 
4,070 





1 


843 


50 




201-600 


New York 


501 and above 


\ v>%miiiiuiBa • J 


Warm 


fl-200 


244 


87 


21,300 


14,406 


120 


10,348 


7 


308 




go 

5 
6 


40 

331 

4,408 


3,754 

1,665 

26,440 


2,133 

1,025 

22,022 


18 

4 
17 


1,080 
1,085 
2,668 














201-500 




501 and above 




Washington. 


• 

fl-200 


104 


305 


31,858 


26,180 


80 


4,720 











760 




82 

10 
15 


42 

286 
3,222 


3,307 

2,864 

4S,320 


2,107 

LOOO 

43; 668 


20 

10 
• 01 


1,001 
1,066 
10,101 





1 




201-500 




501 and above 




WestCtaestar 


fl-200 


107 


610 


54,677 


47,284 


100 


12,267 


1 


750 




500 
23 
20 


16 

240 

2,233 


8,103 

7,811 

44,656 


3,850 

3,610 

34,875 


71 
82 

160 


3,898 

8,360 

26,000 


2 

1 
82 


00 

100 

9,742 




201-AX) 




601 and above 




[Atlantic 


1-200 


030 


07 


01,670 


48, 2U 


263 


81,830 


86 


9,002 




220 
2 

1 


18 

416 

1,000 


3,807 

830 

1,000 


2,408 

830 

1,000 


44 





2,062 

880 




2 



1 


21 



1,000 




201-500 




501 and above 




Bcfgan. 


1-200 


223 


20 


5,007 


4,233 


63 


2,888 


3 


1,021 




380 
17 
20 


23 

363 

1,820 


8,065 

0,023 

52,630 


6,306 

3,236 

40,244 


100 

33 

107 


4,373 

3,183 

30,401 


1 

2 

20 


100 

50 

17,104 





201-600 




501 and above 




Burlington. 


1-200 


420 


168 


07,314 


67,784 


330 

81 
11 
60 


88,017 

3,280 

1,102 

21,636 


20 


17,261 




158 

4 

11 


31 

384 

2,470 


4,867 

1,637 

27,210 


4,108 

1,202 

23,215 


4 
2 
5 


206 

70 

800 




201^600 




501 and above 




Camden 


1 

1-200 


173 


104 


33,010 


28,045 


148 


20,013 


11 


' 906 




313 
21 
20 


33 

200 

2,200 


10,211 

0,000 

60,038 


0,470 

4,430 

51,420 


70 

43 

147 


4,046 

4,076 

17,022 


10 



27 


676 



32,660 




201-500 


NewJeney 


501 and above 




Cape May 


1 

fl-200 


300 


210 


75,030 


02,320 


208 


20,042 

014 
250 


87 


,88,166 




78 

1 


22 

260 


1,720 
250 


1,353 
250 


36 
1 


4 



136 





aoi-500 




1-200 




Cumberland 


70 


25 


1,070 


1,003 


30 


1,104 


4 


136 




210 

3 


20 

202 

1,857 


6,532 
1,752 
5,512 


8,433 

013 

5,610 


07 

2 

22 


2,084 

136 

2,760 


2 

2 


40 

478 

2,350 




201-500 




501 and above 




£aBex 


1-200 


210 


58 


12,700 


0,560 


01 


6,880 


10 


2,874 




2,075 

108 

67 


26 

337 

1,540 


52,882 
30,507 
87,013 


23,013 
24,701 
55,560 


204 
100 
270 


10,770 
22,062 
40,213 


2 

3 

10 


ISO 
508 

4,884 




201-^600 




501 and above 






I 


2,240 


70 


177,042 


104,204 


700 


01,054 


25 


6,542 
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(y wwniie$ and iize of plant — Gontiiiued. 



Pow«r-fapply •qaipmant— Contliuied. 




Electric motors. 






Prime mover»— Conttniiad. 


Operated by pnrefaftsed mtmgj. 


ToCeL 


Run by enrrent 
generated in 
establishment. 


Number 

ofesUb- 

lishments 

reporting 

no power. 


Intflmal-coiiilnis- 
tioa eogincs. 


Water wheels. 


Totel 
horse- 
power. 


Xlectrle molow. 


Other 

(bcne- 
power). 


Nnm- 
bor. 


Horae- 
powflr. 


Nmn- 
ber. 


HOCM- 

power. 


Numher. 


power. 




Horse- 
power. 


Nrnnber. 


Horse- 
power. 




18 


13 


14 


15 


16 


17 


IS 


19 


20 


SI 


M 


S8 


M 


7 




08 





12 




181 




306 

361 

1,200 


47 
60 
12 


306 

361 
1,200 







48 

60 
67 


312 

861 

4,187 


1 



55 


4 



2,987 










7 


98 


12 


181 


1,860 


119 


1,869 





175 


4,810 


56 


2,941 


16 


44 





391 




2 




50 




639 




174 




639 









188 

64 




n5 

620 



14 

64 




136 

620 












44 


391 


2 


50 


639 


174 


639 





252 


1,395 


78 


756 


79 


28 


1 


326 



16 
2 


322 

115 


234 




46 



234 







47 



239 



1 



5 









28 


325 


18 


437 


234 


46 


234 





47 


239 


1 


5 


22 


14 

1 
6 


86 

5 

130 


25 



15 


1,008 



2,438 


2,428 

440 

4,114 


353 
19 
61 


2,413 

440 

4,114 


15 




401 

81 

289 


2,806 

797 

7,755 


48 

62 
228 


303 

357 

3,641 










21 


221 


40 


3,440 


6,982 


433 


6,967 


15 


771 


11,358 


338 


4,391 


54 


11 

1 


156 



4 


24 



18 


941 



19,360 


1,621 

630 

4,427 


224 
6 

86 


1,621 

630 

4,427 







224 

27 

176 


1,621 
1,062 
5,995 



21 
90 




432 

1,568 










12 


160 


42 


20,291 


6,678 


316 


6,678 





427 


8,678 


111 


2,000 


21 


« 

1 
1 


50 

225 

20 


21 

4 
77 


967 

319 

32,697 


1,200 
1,245 
4,758 


280 

26 

225 


1,200 
1,245 
4,758 







309 
66 

503 


1,470 

1,574 

11,430 


29 

40 

368 


180 

329 

6,672 










8 


304 


108 


33,973 


7,203 


531 


7,288 





968 


14,474 


437 


7,181 


12 


82 

1 
7 


349 
60 
37 


3 





54 





5,247 
4,301 
0,781 


1,596 
358 
806 


5,103 
4,301 
9,781 


54 





1,652 
1,227 
2,263 


5,632 

5,915 

24,758 


56 

869 

1,«8 


439 

1,614 

14,972 










40 

28 




446 


8 


64 






19,329 

1,464 




2,780 

466 





19,275 

1,469 




54 


5,142 


86,800 

1,791 

64 

1,157 


2,388 


17»086 


207 


830 









5 




544 

7 
221 


78 

7 

221 


332 
54 

1,157 










28 


330 








1,464 


466 


1,459 


6 


772 


3,008 


306 


1,543 


44 


83 

1 
7 


709 

2 

1,079 


4 




128 




3,360 
9^788 
3,392 


989 
20O 
188 


3,350 
2,788 
8,892 







1,264 

818 

8,477 


4,280 

4^816 

38^088 


265 

113 

8,289 


910 

1,528 

35,591 










71 


2,380 

487 



740 


4 


123 


9,530 


i,8n 


9,530 





5,044 


47,550 


8,667 


38,029 


84 


51 

2 


7 


1 


190 



250 


689 

275 

4,001 


174 

8 

178 


689 

275 

4,001 







844 

14 
020 


081 
448 

14,608 


70 

6 

751 


292 

168 
10,092 


. 








83 

68 

4 

8 


1,237 


8 


440 


4,965 


860 


4,966 





1,187 


16,117 


827 


11,152 


31 


894 
265 
889 


10 

1 
1 


65 
29 


3,732 
1,660 
8,218 


845 
139 
711 


3,683 
1,660 
7,809 


49 



840 


064 
209 

8,509 


4,198 

3,425 

56,188 


119 

160 

2,708 


515 

1,765 

48,314 










78 


2,038 


12 


194 


13,610 


1,605 


13,212 


808 


4,772 


63,806 


3,077 


50,594 


80 


26 



304 











867 



80 



367 







94 
2 


436 

15 


8 
2 


09 
15 








26 


304 








867 


86 


367 





96 


451 


10 


84 

1 


13 


30 




306 


a 


8 

2 


148 



480 


2,099 

1,139 

2 


486 

84 




2,029 

1,139 




70 

2 


549 
253 
210 


2,337 
2,190 
3,959 


63 
169 
310 


306 

1,051 
3,959 










39 


305 


10 


548 


3,240 


570 


3,168 


72 


1,112 


8,486 


542 


5,318 


38 


210 
47 
14 


3,801 
1,505 
1,413 


3 
2 

1 


183 

116 

50 


28,949 
11,776 
32,053 


5,550 
1,665 
3,678 


27,407 
11,776 
32,053 


1,542 




6,235 
2,666 
7,362 


31,317 
20,102 
65,013 


685 
1,001 
3,684 


3,910 

8,326 

32,900 








-■••>•>••••• 


271 


6,719 


6 


349 


72,778 


10,893 


71,236 


1,542 


16,263 


116,432 


5,370 


45,196 


447 
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Tablb 47. — Meehanioal pawer^upply equipmeni^ 



State. 



New Jersey — 
(Continued.) 



County. 



Olouoester. 



Hudson. 



Hunterdon. 



lieroer. 



Middlesex. 



Monmouth. 



Morris. 



Ocean., 



Passaic. 



Salem., 



Somerset. 



Sussex, 



Union. 



fWarren. 



Size of plant 
(horsepowo-). 



fi-aoo 

201-500 

501 and above. 



fl-200 

201-^500 

501 and above. 



fl-200 

aOl-500 

501 and above. 



1-200 

201-500 

501 and above. 



ri-200 

201-500 

501 and above. 



fl-200 

201-500 

501 and above. 



fl-200 

201-«» 

501 and above. 



1-200... 
201-500. 



fl-200 

201-600 

501 and above. 



a-200 

201-500 

501 and above. 



fl-200 

201-500 

501 and above. 



1-200 

201-500 

501 and above. 



fl-200 

201-500 

501 and above. 



ri-200 

201-500 

501 and above. 



Establishments 

reporting 

power. 



Num- 
ber. 



98 
5 
4 



107 



1,731 
81 
79 



1,891 



128 
6 
6 



140 



348 
28 
27 



403 



350 
30 
45 



434 



330 
8 
4 



342 



173 
12 
15 



200 



72 
2 



74 



1,137 
05 
28 



1,328 



86 
2 
2 



90 



88 
7 
7 



102 



79 
1 
3 



83 



Aver- 
age 
sue 
(horse- 
power), 



365 
32 
21 



418 



145 

9 

14 

168 



22 

360 

1,449 



91 



19 

334 

2,200 



123 



33 

309 

1,766 



120 



30 

350 

2,120 



191 



26 

344 

2,600 



316 



16 
339 
871 



34 



24 

1,436 
1,080 



188 



13 
352 



23 



23 

683 

1,620 



83 



28 

380 

6,168 



172 



Power-eopply equipment. 



horse- 
power. 



6 



2,166 
1,800 
5,795 



9,761 



33,285 

27,135 

173,345 



233,765 



4,285 

1,855 

10,593 



16,733 



10,513 

9.836 

57^277 



77,626 



9,450 

10,332 

117,730 



137,512 



5,430 
2,712 
3,484 



11,626 



4,078 
17,226 
16,198 



37,502 



965 
705 



1,670 



26,544 
41,200 
42,379 



110,123 



2,418 

761 

12,336 



15,515 



70 

350 

1,564 



157 



31 
260 
944 



67 



616 

2,452 

10,945 



16,013 



Prime movers. 



Total 
horse- 
power. 



1,582 
1,560 
5,105 



8,346 



15,774 

16,446 

119,763 



151,983 



3,968 
1,855 
8,005 



13,918 



6,144 

7,946 

45,712 



59,802 



4,932 

6,733 

101,761 



113,426 



2,727 
1,856 
1,868 



6,451 



2,885 
16,443 
11,175 



30,503 



806 
705 



1,511 



11,443 
38,128 
24,902 



74,473 



1,768 

320 

12,336 



14,424 



1,573 

1,209 

10,940 



13,722 



2,489 

250 

2,833 



5,572 



23 

312 

2,560 



173 



34 

308 
1,860 

200 



8,376 
10,034 
53,881 



72,291 



4,853 

2,773 

26,013 

33,639 



2,312 

260 

2,833 



5,395 



4,061 

5,962 

45,898 



55,921 



Steem engines. 



Num- 
ber. 



8 



29 

14 

9 



52 



254 
134 
576 



964 



46 
13 
23 



82 



05 

64 

132 



291 



80 
104 
231 



415 



51 
30 
15 



96 



44 

50 
40 



143 



13 

12 



25 



179 
611 
125 



915 



45 
4 

37 



86 



22 

10 
14 



46 



43 

1 

15 



50 



89 

54 

196 



339 



3,246 

1,870 

25,405 

30,521 



49 
12 
86 

147 



Horse- 
power. 



9 



1,048 

945 

1,660 



3,653 



12,713 
14,762 
78,894 



106,369 



1,861 
1,600 
3,836 



7,297 



5,228 

6,788 

30,483 



42,499 



4,015 

6,230 

60,803 



80,138 



1,060 

1,655 

523 



4,138 



2,160 

15,952 

9,030 



27,151 



349 
600 



949 



9,626 
20,929 
19,851 



50,406 



1,209 

320 

2,361 



3,800 



971 
1,200 
3,840 



6,020 



1,576 

150 

2,2S0 



3,976 



3,018 

5,380 

19,489 



27,887 



1,758 

1,225 

19,395 

22,373 



Steam tur1:>inies. 



Ntun- 
ber. 



10 



IX 



6 



2,925 



35,573 



20 



50 



8 



10 



54 



20 



3 



53 



12 



0. 



2,407 



13,776 
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by counties and size of plant — Continued. 







Power-«apply equipment— Continued. 






Electric motors. 






Prime movota Continued. 


Operated by pniebased energy. 


Total. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Intemal-oamlms- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Nnm- 
ber. 


power. 


Num- 1 
ber. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number/ 


Horse- 
power. 




13 


13 


14 


15 


16 


17 


18 


19 


ZO 


21 


22 


23 


24 


32 

5 


354 


1,208 


7 

2 


176 



30 


584 
231 
600 


104 
9 
2 


584 
231 
600 







150 
363 
342 


780 
1,707 
5,322 


46 
854 
340 


196 
1,476 
4,722 










37 


1,562 


9 


206 


1,415 


115 


1,415 





855 


7,809 


740 


6,394 


26 


156 
11 
30 


2,571 

584 

6,751 


2 





135 

I 


17,511 
10,689 
53,582 


• 5,466 
1,072 
4,430 


17,252 
10,689 
53,582 


259 




5,847 
2,285 
9,736 


20,062 

18,021 

114,171 


381 
1,213 
5,306 


2,810 

7,332 

60,589 










1»7 


9,906 


2 


135 


81,782 


10,968 


81,523 


259 


17,868 


152,254 


6,900 


70,731 


493 


45 



4 


.638 



12 


43 
4 

6 


1,362 

255 

1,9#7 


317 



2,498 


92 



110 


317 



2,498 







100 

20 

419 


392 

140 

6,282 


8 

20 

309 


75 

140 

3,784 










49 


650 


53 


3,564 


2,815 


202 


2,815 





539 


6,814 


337 


3,999 


12 


30 
2 
6 


450 

50 

2,111 


21 
5 

1 


466 

375 
75 


4,369 

1,890 

11,565 


969 
160 
810 


4,367 

1,620 

11,565 


2 

270 




1,155 

545 

' 1,968 


5,262 

4,093 

29,067 


166 

385 

1,158 


805 

2,473 

17,502 










38 


2,611 


27 


916 


17,824 


1,960 


17,552 


272 


3,668 


38,422 


1,709 


20,870 


106 


37 

6 

18 


572 

278 

2,160 


6 

2 


190 



22 


4,518 

3,509 

15,960 


888 

297 

1,131 


4,368 

3,349 

15,969 


150 

250 




996 

523 

4,291 


5,321 

5,294 

67,247 


108 

226 

3,160 


953 

1,945 

51,278 










61 


3,010 


8 


222 


24,066 


2,316 


23,686 


400 


5,810 


77,862 


3,494 


54,176 


72 


46 

4 



485 

15 




8 




267 




2,703 

856 

1,616 


708 
77 
62 


2,670 

856 

1,616 


33 




714 

n 

72 


2,708 

856 

1,741 


6 



10 


38 



125 










50 


500 


8 


267 


5,175 


847 


5,142 


33 


863 


5,305 


16 


163 


54 


17 

2 


264 



15 


16 

4 
5 


449 
370 
285 


1,193 

783 

5,023 


281 

S 
79 


1,193 

783 

5,023 







385 
410 
523 


1,458 

4,206 

12,574 


104 
368 
444 


265 
3,423 
7,551 










19 


279 


25 


1,104 


6,999 


402 


6,999 





1,318 


18,238 


916 


11,239 


33 


33 




299 



4 




111 



159 



68 



159 







68 
2 


159 
6 



2 



6 








33 


299 


4 


111 


159 


68 


150 





70 


165 


2 


6 


19 


82 
5 
4 


1,041 
161 
811 


12 
2 

4 


216 
115 
350 


15,101 

3,072 

17,477 


3,161 

378 

1,253 


12,409 
2,597 

17,477 


2,092 

475 




3,454 
1,223 
3,849 


14,840 

6,902 

48,467 


293 

845 

2,506 


2,431 

4,305 

30,990 










91 


2,013 


18 


681 


35,650 


4,792 


32,483 


3,167 


8,526 


70,209 


3,734 


37,726 


200 


23 




168 




13 




359 




650 
441 




103 

29 




650 

441 









108 

96 

434 


724 

831 

7,681 


6 

67 

434 


74 

390 

7,681 










23 


168 


13 


359 


1,091 


132 


1,091 





638 


9,236 


506 


8,145 


19 


20 




307 




9 




295 




1,043 

1,243 

5 


329 

79 

1 


1,043 

1,243 

5 







416 
109 
476 


1,253 
1,536 
6,943 


87 

30 

475 


210 

298 

6,938 










i 20 


307 


9 


295 


2,291 


409 


2,291 





1,001 


9,732 


592 


7,441 


20 


27 


306 

100 

8 


7 

2 


247 



125 


m 





157 




177 









195 

6 
38 


542 

60 

292 


38 
6 

38 


365 

60 

292 


35 


414 


9 


372 


177 


157 


1T7 





239 


894 


82 


717 


\ 11 


55 
23 

18 


1,021 

332 

4,658 


1 





20 




4,315 
4,072 
7,963 


974 
505 
547 


4,315 
4,072 
7,983 







1,073 

714 

2, en 


4,961 

5,846 

39,787 


99 

209 

2,130 


646 

1,774 

31,804 


1 




1 "• 


96 


6,011 


1 


20 


16,370 


2,026 


16,370 





4,464 


50,594 


2,438 


34,224 


09 


37 
7 


1,308 
645 
385 













1,607 
903 
608 


322 
43 
13 


1,607 
903 
608 







531 
132 
946 


2,264 

2,131 

16, 116 


209 

89 

933 


657 

1,228 

15,508 


1 


' 2 








46 


2,428 


! 


! 


3,118 


378 


3,118 


! 


1,609 


1 20,511 


1,231 


17,393 

1 ' ' 


1 13 
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Table 47. — MetAanitxil power-nipply equipment. 



Btite. 



PennaylvBiiia. 



Ckxmty. 



/Berks. 



Bucks. 



Otfbon. 



Chester, 



Colombia. 



Dauphin. 



Delamre. 



Laokawanna. 



Lancaster. 



Lebanon. 



Lehigh. 



Lucerne. 



Monroe. 



^Montgomery . 



Size of plant 
(horsepower). 



3 



fi-aoo 

201^600 

501 and above. 



1-aoo 

201-600 

dOl and above. 



i-aoo 

201^500 

501 and above. 



11-200 
201-500 
501 and abov«. 



1-200 

201-^00 

501 and above. 



1-200 

201-500 

501 and above. 



1-200 

201-500 

501 and above. 



1-200 

201-500 

501 and above. 



ri-20o 

201-500 

501 and above. 



fl-200 

201-500 

501 and above. 



1-200 

201-500 

501 and above. 



1-200 

201-500 

501 and above. 



1-200 

201-600 

501 and above. 



1-aoo 

201-600 

501 and above. 



Establishments 

reporting 

power. 



Num- 
ber. 



780 
30 
40 



Aver- 

sue 
(horse- 
power). 



850 



369 
5 

8 



372 



94 

5 

14 



113 



278 
20 
15 



313 



165 
9 
6 



179 



366 
28 
18 



402 



214 
24 
35 



273 



384 
42 

n 



603 



670 
22 
16 



707 



242 

11 

9 



262 



430 
27 
26 



483 



465 
36 

102 



603 



78 
4 
1 



83 



573 
31 
30 



6S4 



29 

312 

1,649 



110 



Power^supply equipment. 



ARgnfBtte 
horse- 
power. 



6 



22,881 

9,357 

61,964 



04,192 



34 

278 

1,888 



67 



43 

336 

3,630 



498 



36 

303 

6,670 



377 



8,486 

1,390 

16,107 



24,983 



4,034 

1,682 

60,686 



66,402 



10,005 

6,053 

101,944 



118,002 



Prime movers. 



Total 
horse- 
power. 



11,836 

4,719 

47,897 



64,451 



6,436 

1,387 

14,867 



22,680 



Steam engines. Steam turbines 



Num- 
ber. 



8 



262 

48 

206 



605 



power. 







9,488 

4,683 

45,442 



69,613 



134 
14 
26 



164 



4,675 
1,313 
8,684 



14,571 



2,348 

1,285 

38,424 



42,067 



35 

9 

102 



1,443 

785 

21,649 



146 23,877 



6,490 

4,460 

89,268 



100,206 



114 

33 

366 



602 



6,067 

3,790 

66,816 



74,673 



lO 



30 

265 

3,545 



145 



25 

302 

7,000 



356 



37 

341 

3,840 



550 



5,007 

2,387 

18,725 



26,119 



9,060 

8,464 

126,845 



143,369 



7,833 

8,215 

134,854 



3,781 

1,787 

11,030 



60 
13 
68 



17,498 141 



3,333 

1,357 

11,315 



14,796 



5,434 

4,405 

109,479 



119,318 



5,869 

6,961 

39,984 



150,902 52,764 



37 

293 

2,320 



410 



14,294 

12,291 

179,597 



3,752 

4,619 

163,966 



206,182 172,837 



31 

314 

1,510 



73 



20,991 

6,946 

22,707 



60,644 



10,846 

2,137 

10,347 



23,329 



34 

290 

5,665 



237 



8,145 

3,194 

51,060 



4,377 

1,815 

49,375 



62,398 55,467 



36 

300 

3^750 



196 



30 

334 

3,060 



560 



36 

232 

1,651 



65 



36 

306 

3,055 



192 



16,329 

8»104 

71,140 



0,363 

4,395 

60^546 



04^573 64,304 



13,752 

12,026 

311,995 



6^727 

&015 

267,720 



337,773 280^462 



2,792 

929 

1,651 



5,372 



1,975 

390 

1,200 



3,565 



20,440 

9,515 

91,658 



131,619 



13,667 

6^330 

72; 482 



91, 479 



157 

39 

310 



606 



76 

44 

337 



347 



4,906 

3,615 

76,806 



85,336 



4,935 

6,090 

33,876 



73 

64 

914 



1,060 



156 
31 
68 



345 



100 
35. 

148 



273 



161 

61 

184 



406 



143 

56 

1,708 



3,611 

4,578 

140,746 



148,935 



7,300 
3,137 
9,078 



19,375 



3,531 

1,815 

36,000 



41,336 



7,490 

3,796 

5^403 



61,779 



^943 

6,015 

345^043 



1,907 257,000 



34 

3 
3 



1,345 
310 
300 



40 1,855 



315 
44 

188 



447 



10,754 

6»043 

45^247 



62,044 



Horse- 
power. 



10 



6 



10 



34,901 28 15,600 



13 



33 



45 



11 



19 3,094 



6,110 



16,683 



81 

575 
16,082 



53 16,738 



835 



40 
170 

9,040 



0,2SO 



15,343 



17 33,350 



473 



9,67S 
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bjf anaUiea and me of piont-— Goatlnued. 



Poww-mpply cqnipiiMnV- ContinnML Etoetrto moUvs. 

1 




Primp ma wa ConttDoad. 


Opented hj purdnMd eneqgj. 

1 




RanbyeuiTeDt 
generated in 


Nomber 
or estab- 
lishments 
reporting 
no power. 


Intamal^oaibas- 
tkmenglnfls. 


Waterwlieela. 


ToUl 
hone- 
pow. 


! 

Bleetrie molon. 


OUier 

(hone- 
power). 


TotaL 


Nam- 

IMT. 


Hone- 
power. 


Num- 

tMT. 


HOfM- 

power. 


Namber. 


Hone- • 
power. 

1 


Namber. 


Horse- 
power. 


Number. 


Horse- 
power. 




13 


13 


14 


lA 


16 


17 


18 


19 


SO 


SI 


99 


93 


34 


73 


4 


015 



540 


64 

2 


125 


4,638 

14^067 


2,305 
821 
808 


11,016 

4,638 

14^057 







a; 541 

879 
2,434 


11,766 

5^356 

34,543 


146 
58 

1,616 


730 

718 

30^486 










77- 


1,456 


66 


1,389 


29^741 


4,024 


29^741 


^844 


51,665 


1,820 


21,994 


316 


102 


2 


911 



30 


23 

2 


658 


400 


2,0» 
2S0 


391 
2 
2 


2,023 

3 

250 


27 




456 1 2,362 

26 ^158 

540 11,953 


65 

34 

538 


339 

155 
11,703 












104 


941 


25 


1,058 


a; 303 


395 


2,276 


27 


1,022 


14,473 


637 


13,197 


136 


17 




432 




9 
6 
2 


465 
500 
100 


1,688 

397 

12,262 


164 

18 

334 


1,656 

397 

12; 362 


30 




164 

18 

1,008 


1,656 

397 

34,338 






674 






22; 076 












17 


432 


17 


1,065 


14,345 


516 


14,315 


30 


1,190 1 38^391 


674 


22,076 


19 


24 

g 


346 


7.270 


.49 
3 
3 


996 
95 
90 


3,515 

1,568 

12,686 


501 

53 

405 


3^430 

1,593 

12,685 


85 




630 i 3,719 

113 1 2,360 

2,119 40^585 


39 

61 

1,634 


289 

767 

30^899 






•» 


o , ., ,_ 




32 ; 7,616 


55 


1,181 


■ 17,794 


1,138 


17,700 


85 2,863 55,664 


1,734 


37,955 


44 


37 

5 


325 


215 


38 

7 



1,103 

225 




1,226 

600 

6^796 


195 
146 
342 


1,226 

600 

6^795 







201 

158 

1,026 


1,291 
885 

13,490 


6 

12 

684 


65 

285 

6^695 










42 


640 


45 


1,828 


8^621 


683 


8»621 





1,385 


1^666 


702 


7,045 


18 


20 
10 
34 


148 

620 

23^633 


14 




341 




3^626 

4,059 

16^366 


330 

814 


8,636 

4»06O 

16^366 







1,073 

790 

3,707 


3,954 

5^536 

76^640 


51 

460 

2^893 


328 

1,477 

60; 274 




..••••*••■•• 








63 


24^401 


14 


341 


24^051 


2,165 


34,051 


5^560 


86^130 


3^404 


62; 079 


63 


49 
6 
S 


668 

425 
500 


9 
3 

4 


266 
180 
125 


1,964 

1,254 

94,920 


350 

132 

4»539 


1,964 
94^920 


. 




402 
442 


2,355 
4,916 


43 

310 
1,848 


891 

3,663 

34,718 






6.387 


119. 6SS 








60 


1,683 


16 


571 


96^138 


5^030 


98^138 


; 7,231 


136,909 2;201 


28; 7n 


46 


11 




68 




2 
3 



43 

41 



10^542 

7,672 

15^631 


1,480 
618 
557 


ia452 

7;672 

15,631 


90 1,560 
, 700 
2,743 


10^648 

8»975 

100^923 


70 

91 

2,180 


196 

1,303 

85^292 










11 


68 


5 


84 


33,845 


2,655 


38,755 


90 


5^003 


130^546 


2,347 


80^791 


74 


73 

2 


848 



17 


122 

2 


3,578 



40 


10^146 

4^809 

12,300 


1,741 

449 

1,494 


10,120 

4,809 

12,360 


20 1 1.967 


11,298 

4,849 

14,019 


226 

20 

101 


1,172 

40 

1,850 







460 







1,595 










75 


865 


124 


2,616 


27,315 


3»684 


27,295 


20 


4,031 


30^106 


347 


2^871 


231 


30 

3 


290 



3,600 


28 




566 





3,768 
1,379 
1,784 


619 
73 
61 


3,768 
1,379 
1,784 







651 
139 
533 


4,138 

3,108 

18^553 


33 
66 

473 


370 

1,729 

10^709 








' 




42 


3,800 


28 


566 


6,931 


753 


6,931 


1 1,323 


25^799 


570 


18^888 


66 


31 
2 

7 


374 
214 

27 


46 

1 
2 


1,479 

165 

26 


5,966 

3,709 

20,594 


1,540 
849 
901 


5,791 

3,709 

30,594 


175 1,000 
934 
; 1,007 


6,451 

4,288 

22,777 


00 

85 

100 


000 

579 

2,183 














40 


015 


49 


1,670 


30,209 


3,290 


30,094 


175 i 3,001 


33,516 


311 


3,423 


100 


35 

7 


311 



110 


10 


363 


7,025 

0,011 

44,275 


1,409 

649 

2,949 


7,025 

6,011 

44,275 


1,000 
, 1,274 
4,930 


7,766 

8,502 

121,098 


131 

035 

1,981 


741 

2,491 

79,823 












: 










42 


421 


10 


363 


57,311 


5,007 


57,311 





7,804 


140,366 


2,737 


83,055 85 


22 




352 




11 

3 
3 


216 
180 
900 


817 
530 
451 


280 
39 
13 


817 
539 
451 ' 


287 
39 
13 


837 
539 
451 


1 




TXT 






















22 352 


17 , 1,290 


1,807 


338 


1,807 





339 


1,827 


1 


20 


17 


74 

2 
3 


789 

37 

065 


42 

1 


939 
250 


7,779 

3,185 

19,170 


1,269 

258 

1,257 


7,779 

3,185 

19,176 







1,464 

487 

3,401 


9,340 

5,944 

00,927 


195 

229 

2,144 


1,567 

2,750 

41,751 






oi 




70 


1,491 


43 


1,189 


30,140 


2,784 


30,140 





5,352 


70,217 


2,568 


40,077 


120 
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Table 47. — Methaniad power-tupply equipment^ 





County. 


Site of plant 
(horsepower). 


Establishments 

reporting 

power. 




Power-supply equipment. 




1 




Anregate 
horse- 
ix»wer. 




Prime movers. 




State. 


Num- 
ber. 


Aver- 
age 
size 
(horse- 
power). 

6 




Steam 


engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


9 


8 


4 

1 


1 

6 


7 


8 


9 


10 


11 




/ Montour 


1-200 


37 
2 
6 


22 

239 

1,190 


815 

478 

7,133 


495 

327 

6,775 


11 

3 

43 


316 

300 

6,775 


1 
2 



501 




201-500 


27 




501 and above 


0) 




Northampton 


1-200 








45 


187 


8,426 


7.597 


57 


7,390 


3 


77 




338 
37 
38 


42 

305 
5,550 


14^173 

11,316 

211,730 


7,794 

6,124 

170,869 


151 
111 
327 


^341 

5,985 

103,481 


2 



. 42 


241 




201-500 


0\ 




501 and above 


18,588 I 




Northumberland 

Philadelphia 


fl-200 


^ 1 




413 


575 


237,219 


184,787 


589 


115^807 


44 


18^612 


r^ 




256 
15 
29 


33 

317 

3,370 


8,422 

4,757 

97,736 


4,907 

3,115 

92,359 


95 

43 

099 


4,444 

3,115 
85,969 


3 

3 


IOC 




201-503 


O 




501 and above 


6l150 




1-200 






300 


369 


110^915 


100; 381 


837 


93,528 


6 


f^250i 




6^334 
234 
177 


19 

320 

1,930 


122; 520 

74,929 

342,513 


67,618 

58,113 

231,172 


931 

478 

1,137 


54,250 
55,558 

188,050 


6 
73 


75i 




201-500 


710 / 


• 


501 and above 


35,582 1 




Pike 


1-200 




' 




6,745 


80 


539,962 


356,908 


2,544 


298,758 


99 


37,046 




18 

1 


23 
2,506 


409 
2,598 


389 
2; 598 


8 
27 


219 
2,006 


1 



50 







501 and above 






Sr^nynrlll... 


fl-200 : 




FenDsylyanlA 

(Continued.) 


19 


158 


3,007 


2; 987 


35 


2; 227 


1 


50 




373 
15 
60 


25 

315 

4,250 


9,130 

4,732 

293,142 


5^344 

3,060 

246^779 


125 

65 

1,612 


4,581 

2,980 

241,970 


4 



11 


83 



4^627 






201-500 






501 and above 






Susquehanna 


1-200 








459 


670 


307,004 


255^203 


1,802 


249,531 


15 


4,710 






62 

1 

1 


28 

255 
1,868 


1,723 
255 

1,868 


1,197 
250 
900 


24 

1 
2 


951 
250 
900 
















201-500 






501 and above 






Wayne 


fl-200 






64 


60 


3,846 


2,347 


27 


2,101 












146 

1 
3 


30 

450 

1,871 


4,429 

450 

5,614 


3,609 

450 

5,144 


71 

1 

29 


2; 348 

450 

4,444 


1 




16 








201-500 






501 and above 






Wynmlng..,. . , 


fl-200 

201-500 

501 and above 






150 


70 


10,493 


9,293 


101 


7,242 


1 


16 






45 
3 

1 


32 

337 

1,400 


1,424 
1,010 
1,400 


1,338 
1,010 
1,400 


18 
18 

4 


n5 

1,010 
1,400 
















1 

• 

York. 


1-200 

201-500 






49 


78 


3,834 


3,748 


40 


3,185 












563 
32 

18 


34 

300 

1,810 


18^005 

9,584 

32; 675 


11,450 

6^612 

13,199 


205 
41 
65 


9; 164 
^308 
7; 352 



2 




100 

2; 450 






501 and above 






fi^fffit.. 


* 

1-200 








613 


100 


61,254 


31,261 


311 


2^824 


7 


%550 






104 

1 



29 

273 




3,042 

273 




2,895 

273 




80 
7 



1,995 

220 




2 




20 








201-500 

501 and above 






New Castle 


1 
fl-200 




riAlAWAm 


105 


32 


3,315 


3,168 


87 


2,215 


2 


20 




l-'OUiwatOaaao •••.... 


262 
16 
29 


42 

310 

2,040 


10,961 

5,064 

59, 182 


7,676 

4,421 

44,274 


125 

50 

173 


6,732 

8,136 

29,610 


1 

4 
14 


2 

500 
12,608 






201-500 






501 and above 

1-200 






4 






307 


245 


75,207 


56,371 


348 


39,478 


19 


13,010 






439 
12 
14 


22 

294 

3,550 


9,865 

3,539 

49, 764 


4,311 

2,390 

35,582 


54 
26 
66 


3,131 

2,146 

13,369 




2 

20 




145 

20,613 




Distiiotof Colombia. 


201-500 

501 and above 








1 
1 






465 


135 


63,163 


42,283 


146 


18,645 


22 


20,756 
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hy amfitUs and sizB of plant — Continued. 



Potrer-mipply equipment— Conttnaed. 


Electric motors. 




Prime movers— Continoed. 


Operated by purchased energy. 


• 

Total. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Intenttl-oombos- 
tlon engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Number. 


Hors^ 
power. 


Number. 


Hors^ 
power. 


Number. 


Horse- 
power. 




19 


18 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


7 




70 




4 





51 




820 
151 

358 


67 
32 
18 


320 
151 
358 







67 
32 
19 


320 
151 
363 





1 




5 










7 


70 


4 


51 


829 


117 


829 





118 


834 


1 


5 


13 


21 

3 

23 


106 

4 
48.500 


41 
2 
4 


1,234 
135 
300 


6,379 

5,102 

40,861 


1,392 

325 

2,134 


6,370 

5,192 

40,861 







1,443 

347 

10,038 


7,021 

5,437 

232,743 


51 

22 

7,904 


642 

245 

191,882 












46 


48,600 


47 


1,660 


52,432 


3,851 


52,432 





11,828 


245,201 


7,977 


192,769 


40 



6 


270 



2i0 


4 





03 




3,515 
1,642 
5,377 


560 

36 

203 


3,515 
1,642 
5,377 







677 

407 

1,283 


3,904 

1,860 

20,880 


117 

371 

1,060 


380 

218 

15,512 










31 


510 


4 


03 


10,534 


790 


10,534 





2,367 


26,653 


1,568 


16,119 


41 


807 
20 
17 


12,525 
1,685 
4,640 



3 
3 


80 

160 

2,000 


54,002 

16,816 

111,341 


15,110 
1,025 
9,062 


48,015 

16,201 

111,341 


5,967 

615 




17,201 

5,216 

20,213 


60,801 

38,640 

241,732 


2,001 

3,201 

11,151 


10,880. 
22,448 
130,301 










844 


18,850 i 15 


2,240 


183,060 


26,007 


176,457 


6,002 


42,630 


340,182 


16,533 


163,725 


2,427 


8 
5 


45 1 3 
500 


75 



20 



1 



20 







1 



20 

















13 


635 


3 


75 


20 


1 


20 





1 


20 








11 


41 
4 
9 


308 
100 
182 


14 




282 




3,786 

1,652 

46,363 


773 
110 
520 


3,786 

1,652 

46,363 







811 

186 

1,008 


4,060 

2,366 

66,935 


38 

76 

488 


273 

714 

20,572 










54 


680 


14 


282 


51,801 


1,403 


51,801 





2,006 


73,360 


602 


21,550 


90 


11 




161 




3 




85 




526 

5 

068 


73 

2 

46 


526 

5 

968 







73 
26 
46 


526 
218 
968 




24 






213 












11 


161 


3 


85 


1,490 


121 


1,409 





145 


1,712 


24 


213 


17 


13 




121 




33 

2 


1,214 



700 


470 


130 



81 


862 



470 


48 




148 



288 


831 



2,822 


18 



207 


149 



2,352 










13 


121 


35 


1,914 


1,200 


211 


1,152 


48 


436 


3,653 


225 


2,501 


21 


17 




170 




11 




384 




86 




10 




46 




40 




10 

2 

44 


46 

30 

751 




2 

44 




30 

751 










17 


170 


11 


384 


86 


10 


46 


40 


56 


827 


46 


781 


5 


80 
2 


670 

204 

7 


83 



18 


1,616 



3,390 


7,545 

2,972 

19,476 


1,336 

300 

1,577 


7,450 

2,972 

19,476 


05 




1,555 

513 

1,600 


8,713 

4,264 

19,965 


219 

204 

23 


1,263 

1,202 

489 










07 


881 


101 


5,006 


29,993 


3,222 


29,808 


95 


3,668 


32,042 


446 


3,044 


428 


33 

4 



504 

53 




18 




376 




147 




59 

5 


147 









64 

5 


197 




5 




50 












37 


557 


18 


370 


147 


64 


147 





60 


197 


5 


50 


6 


18 
ft 
3 


222 

160 

15 


22 
6 
3 


720 

625 

2,141 


3,285 

643 

14,906 


609 

73 

760 


3,240 

643 

14,908 


45 723 
177 
2,272 


3,456 

1,768 

38,522 


24 

104 

1,513 


216 

1,125 

23,614 










27 


307 


27 


3,486 


18,836 


1,532 


18,791 


45 = 3, 172 


43,746 


1,640 


24,955 


50 


55 

5 


730 



1,475 


3 

1 
1 


441 
100 
125 


5,554 

1,140 

14,182 


2,048 

121 

1,041 


5,544 

1,149 

14,182 


10 2, 174 
247 
7,070 


6,039 

2,412 

68,987 


126 

126 

6,029 


405 

1,263 

54,805 


"*" *"* 






51 


2,214 


5 


666 


20,885 


3,210 


20,875 

= 


10 9,491 


77,438 


6,281 


56,563 


170 
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Table 47. — Medianioal power-tupply equipment. 





County. 


SIm of plant 
(bofsepower). 


Establishments 

reporting 

power. 


Powereupply equipment. 




AoiregBte 
norse- 
power. 


Pijme movers. 


State. 


Num- 
ber. 


Aver- 

sSe 

(horse- 
power). 


Total 
bors^ 
power. 


Steam engines. 


Steam turbines. 




Nam* 
bee. 


Horse- 
power. 


Num- 
ber. 


Hone- 
power. 


1 


8 


3 


4 


5 


6 


7 


8 


9 


10 


11 






1-200 


44 

2 
2 


25 
.200 

083 


1,075 

507 

1,005 


085 

250 




28 

1 



531 

250 




1 




10 




. 


201-500 




501 and above 




Bnltiiiiom 


1-200 




48 


70 


3,037 


035 


20 


781 


1 


10 




00 


7 


25 

301 

15,300 


2,285 

1,808 

107, 060 


1,040 

1,402 

83,870 


38 
22 
11 


1,140 

1,402 

»,470 






13 






4,405 




201-500 




501 and above 




Baltimore City 

C5edl 


1-200 




103 


1,060 


111,182 


87,006 


71 


24,106 


13 


4,405 




1,803 
00 

74 


38 

317 

1,730 


70,862 

31,412 

128,473 


18,411 
18,050 
41,501 


205 
101 
413 


10,035 
17^787 
35,342 


5 

.7 
28 


315 

271 

4,158 




201-^600 




501 and above 




1 

1-200 




2,030 


113 


230,747 


78,001 


800 


00,104 


40 


4,730 




78 



30 

884 


2,854 
5,308 


2,455 
5,308 


50 
70 


1,038 
4,880 










Ifawlavul 


501 and above 


MaryjBiui ........... 


Harford 


fl-200 


84 


07 


8,102 


7,703 


120 


0,518 










104 
5 

1 


24 
282 
750 


3,001 

1,410 

750 


8,205 

1,380 

750 


132 

13 




2,100 

780 




1 

1 


15 



750 




201-500 




501 and above 




Kmt 


• 

1-200 




170 


30 


0,121 


5,425 


145 


2,070 


2 


705 




44 


35 


1,548 


1,541 


3r 


1,140 


1 


12 




1-200 




Prinoe Georges 


44 


. 35 


1,548 


1,541 


34 


1,140 


1 


12 




40 


10 


740 


734 


32 


020 










1-200 




40 


10 


740 


734 


32 


020 










41 


24 


1,002 


033 


32 


700 










• 






41 


24 


1,002 


033 


32 


700 
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hy oountiet and giu of pUnU — Continued. 



Poww-snpply equipment— Continued. 


Electric motors. 




Prime movers— Continued. 


Operated by purchased energy. 


Total. 


Run by current 
generated in 


Number 
of estab- 
lishments 
reporting 
no power. 


Internel-comlms- 
tlon englnee. 


Water wheeb. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 

IMT. 


Hone- 
power. 


Num* 

iMf. 

* 


Hon^ 
power. 


Number. 


Hors^ 
power. 


Number. 


Horse- 
power. 


Number. 


Hora^ 
'power. 




13 


13 


14 


15 


16 


17 


18 


19 


SO 


21 


23 


23 


24 


3 




144 














390 

347 

1,965 


80 
25 
51 


390 

347 

1,965 







81 
25 
61 


399 

347 

1,966 


1 




9 












3 


144 








2,702 


156 


2,702 





157 


2,711 


1 


9 


7 


15 



17 


96 



55,700 


20 



11 


404 



2,206 


639 

316 

23,219 


63 
101 
698 


635 

316 

23,219 


4 




83 

101 

2,745 


792 

316 

133,314 


20 



2,047 


157 



110,095 










32 


55,796 


31 


2,600 


24,174 


862 


24,170 


4 


2,929 


134,422 


2,067 


110,252 


28 


138 
16 
10 


1,887 

601 

2,006 


3 




174 




52,451 
12,753 
86,882 


6,011 
1,050 
5,655 


52,342 
12,753 
86,882 


109 




6,511 
1,824 
6,427 


64,700 
17,996 
97,128 


500 
766 
872 


2,367 

5,248 

10,256 










164 


4,584 


3 


174 


152,086 


12,626 


151,977 


109 


14,762 


169,843 


2,137 


17,866 


796 


23 
7 


180 
128 


23 
2 


637 
300 


399 



38 



399 







69 
15 


491 
193 


31 
16 


92 
193 








30 


308. 


25 


937 


399 


38 


399 





84 


684 


46 


285 


12 


41 




389 




24 
2 



701 
800 




666 
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12 
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41 
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1,301 
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79 
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91 


1,441 


12 
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11 


24 
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2 


7 





3 


9 


1 


2 






24 
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6 


'131 


7 


2 
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9 


1 


2 


1 


14 
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6 
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12 





6 
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11 


69 


6 


98 
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10 
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11 


60 


6 


98 


60 


10 


69 





10 
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3,1 



Coke 
(abort 
iona). 



Power am 



27 



7,«37 

84 

, 76,953 

*• 180 

5,514 

10,426 

158 

383 

1,9M 

9 300 

* 1, 215 
18,502 

9,348 
4,002 

3,170,821 

as 693 

aL 20,380 

565, 3CM 
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I. 10,881 

2,420 

* 846 

10,013 
9 1.313 
' 1,852 

Z 5,140 

36,945 


* 608,629 
222, 156 

39,840 

1,586 

1 53.438 
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6,591 
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* 9,837 
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622 

» 206,085 

* 1 

9,220 

4,006 

I 10,676 

1,414 
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19,273 



I 
t 



4,871 
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3,532 



FMtor 



98 



2,200 
820 
850 

3,030 
740 

1,350 
1,000 
1,000 
1,300 
l.OtO 
1,000 
1,200 
650 
1,300 

2,400 

1,000 

1,100 

940 

710 
620 

1,500 
800 

3,000 
1,200 
1,200 

470 

600 
1,500 

600 
1,300 
1,500 

4,000 
700 
520 

1,740 

3,400 
1,350 

960 

1,080 

1,200 

760 

2,000 
800 

910 
1,500 
1,500 
2,600 
1,800 
1,060 

800 

1,550 
780 

1,390 



developed 

by prime 

movers 

(column 

7) in 
tboosands 
of equiva- 
lent kUo- 

wau- 
hoars. 



5,661,028; 1,490 



89 



73^000 
37,000 
15,800 
107,000 
73,000 

960,000 
53,400 
80,000 

412,000 
26,800 

119,000 
98,000 
17,000 
30.600 

410,000 

490,000 

25»000 

450,000 

52,700 
83,500 

88,000 
36,600 

1,278.000 
38,500 
38,000 

48,000 

12,000 
2t,000 
62,000 
83,000 
277,000 

460,000 
29,000 
35,000 
10,000 

685,000 
67,500 

8,400 

17,400 
6,500 
5,100 

135,000 
640 

30,000 
132,000 
183,000 
215,000 
102,000 
172,000 

35,500 

1,215,000 
58,500 

106,000 



Ftetor 
B.ft 



80 



2,000 
820 
700 



740 

1,360 
900 
900 

1,300 

1,040 
850 

1,200 
650 

1,300 

1,000 

1,000 

825 

7S0 

720 
480 

1,500 
900 

3,000 
1,000 
1,000 

470 

600 
1,500 

600 
1,300 
1,500 

4,000 
580 
520 

1,600 

2,800 
1,120 

960 

900 

1,200 

760 

2,000 
800 

910 
1,250 
1,250 
2,400 
1,200 
1,060 

800 

1,040 
780 

1,240 



Energy 
puxcbased 
for power 
(OQiamn 
10) in 
thousands 
ofkUo- 
watt- 
hours. 



Portioi 
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thatm 
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9,311,440 I 1,200 
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34,000 
10,300 
30,000 



50,000 

245^000 
32,400 
53,000 
80,000 
6,500 
20,000 
27,500 
37,300 
31,800 

400 

81,500 

40,000 

34^000 

3,500 
33,200 

45^000 
30,800 

168,000 

24,000 

136,700 

6,700 

12,000 

5,200 

2,600 

2,000 

158,000 

190,000 
20,200 
13,700 
11,600 

280,000 
65,000 

6,300 

38,000 

20,600 

5,800 

65,000 
15,000 

21,600 
109,000 
129,000 

68,000 
205,000 
115,000 

8,600 

123,000 
28,000 

31,000 



Per 
cent of 
column 
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column 

15. 



88 



81 
90 
92 



3,338,800 
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ANALYSIS OF INDUSTRIES. 
aBNEBAIi FBATUBBS. 

In order to determine the quantity of coal that might be saved and the amount of power 
that might have been economically suppUed by purchased energy, the detailed statistics of the 
industries shown in Table 46 were submitted to several engineers and manufacturers, who 
analyzed the data and gave their opinions as to the amount of enei^ that might have been 
economically purchased and the resulting saving of fuel. In the estimates made by this survey 
due regard has been given to the opinions thus obtained. 

The results of this analysis are shown in Table 48. The headings for columns 5 to 27 in 
Table 48 are the same as the corresponding headings in Tables 44, 45, and 46. Other columns 
are explained as follows: 

Column 29 is column 7 multiplied by column 28. 

Column 31 is column 16 multiplied by column 30. 

Column 32 is the ratio, in per cent, of column 33 to the difference between coliunn 7 and 
column 15. 

For each size of power plant in each industry the prime mover that might have been re- 
placed by superpower was determined. The sum of these items is shown in column 33. 

Colunm 34 shows the motor horsepower per prime-mover horsepower as determined by the 
authorities consulted. 

Column 35 is column 33 multiplied by column 34. 

Column 36 is column 35 multiplied by factor B (column 30). 

Column 37 is ratio in per cent of column 38 to column 26. 

Column 43 is based on a consumption by the superpower system of 2 pounds of coal per 

kilowatt-hour delivered at the motor leads. Column 43 « ^ooo ' 

Colunm 44 equals colunm 40 minus column 43. 

This table shows that the enei^ developed by prime movers in the industries in 1919 was 
equivalent to 9,311,440,000 kilowfttt-hours and that the energy purchased was 3,338,800,000 
kilowatt-hours, a total of 12,650,240,000 kilowatt-hours; also that it would have been econom- 
ical to shut down 4,008,200 horsepower of prime movers, exclusive of water wheels, and to 
purchase additional energy to the amount of 5,623,800,000 kilowatt-hours, which would have 
made a total of 8,962,600,000 kilowatt-hours of purchased electrical energy. 

The total coal used for power by prime movers that might have been replaced by super- 
power and the coal used in conjunction with them for heating and in manufacturing processes 
was 29,818,000 tons, of which 19,125,900 tons was used for power and 10,692,100 tons for 
heating and in manufacturing processes. If the energy developed by these prime movers had 
been purchased, the 19,125,900 tons of coal burned for power would have been replaced by 
5,623,800 tons burned at the central stations (at the rate of 2 pounds of coal per kilowatt-hour 
as measured at the motor leads), a saving of 13,502,100 tons. That is, 71 per cent of the coal 
iised for power by the prime movers or 25 per cent of the total coal used by the industries might 
have been saved. 

In estimating the fuel saved by the superpower system (Table 48) the percentages given in 
columns 39 and 41, *'For power'^ and ''For heating and process work,'' are to be construed not 
as percentages for the whole industry but as percentages for only that part for which purchased 
energy might have been supplied. These percentages were obtained from the analyses made by 
the authorities consulted. 

Colimm 33 shows the power that might have been supplied economically to each industry 
by a superpower system. In determining this item the groups that use waste gases for fuel, 
that use waste-heat boilers, and that have water power were omitted. In all but a very few 
industries it was found to be more economical for plants of less than 200 horsepower to purchase 
all the energy they require, regardless of their requirements for heat. Almost the same is true 
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for plants of 201 to 500 horsepower. It is only in plants that are larger than 500 horsepower and 
that have some special requirements for heat that the generation of power can be justified. 
Even in these plants the power supply and demand can not be completely balanced, and central- 
station connections should be available for taking up irregularities. 

SECONDARY 8 A VINOS. 

In this analysis the only fuel saving credited to the purchase of electrical energy is the 
direct saving in the production of power. Experience has shown that in plants using purchased 
power much of the fuel formerly used for process heat can be saved through the simplification 
of the heating arrangements by the elimination of power production. Further, it was assumed 
in the analysis that much prime-mover power would be retained, owing to the use of waste-heat 
boilers and strict modernization of power-producing equipment. Such improvements would 
undoubtedly also result in an improvement in the heating arrangements similar to that found in 
an establishment purchasing electrical energy. 

WATEBWOBKS. 

The accompanying tables do not include the mechanical power-supply equipment or 
fuel used by waterworks, because these plants are usually considered in a different class from 
industries. A survey of the waterworks in the superpower zone shows that they used 260,000 
long tons of anthracite and 260,000 short tons of bituminous coal in 1919. To replace this 
coal would require 340,000,000 kilowatt-hours of energy, the generation of which would 
require 340,000 tons of coal, at 2 pounds of coal per kilowatt-hour at the motor leads; this indi- 
cates a saving of the equivalent of 154,000 tons of bituminous coal. The possible load due to 
waterworks has not been included in any figure of this analysis. 

OOMMBNTS ON SPECIAL INDVSTBIBS. 

The industry using the largest amount of coal is anthracite mining, and in this industry a 
coal saving of more than 75 per cent could be made if the mines were supplied from an effi- 
cient central electric power system. The present large consumption may be accounted for by 
the use of inefficient prime movers, long steam lines, inefficient pumps, and improper boiler 
and furnace design for burning the coal. 

Many industries could save coal by the use of waste-heat boilers. Probably the greatest 
saving by this means could be made in the cement industry. It is estimated that if waste- 
heat boilers had been in use in all the cement plants in the superpower zone in 1919, 540,000 
tons of coal would have been saved. 

There are many blast furnaces in the superpower zone which are isolated from any steel 
plants or rolling mills, and approximately half their gases are wasted. These gases would pro- 
duce sufficient heat for boilers to generate 500,000,000 kilowatt-hours a year. 

In certain plants the low-pressure steam requirements greatly exceed the power require- 
ments, and there is no reason why such plants should not generate by-product power and seU 
it to the electrical distributing companies. 

ENERGY REQUIRED BY XiOAB CENTERS. 

Table 49 gives the electric energy in kilowatt-hours that might have been supplied by a 
superpower system in 1919 to replace the energy produced by prime movers in isolated plants. 
The factors for energy requirements obtained from the analjrsis sunamarized in Table 48 were 
apphed to the detailed data for each industry in the Bureau of the Census, and the results 
summarized by load centers are given in Table 49. 
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Tabus 49. — Electric energy^ in hUowaU-hours^ thai might have been BuppKed by a superpower syetem in 1919 to replace 

the energy produced by prime mcvere in tsolatea pUmU, 



Load center. 



Boston 

Lowell 

Providence. . 

Worcester 

Northampton 

Hartford 

New Haven.. 

Albany 

Utica 

New York 

Newark 

Hudson 

WilkefrBarre. 
Allen town. . . 
Pottsville. . . . 

Baltimore 

Harrisbnre. . . 
Philadelphia. 

Trenton 

Washington. . 



Total energy at 
motors. 



206, 
193, 
536, 
130, 
105, 
103, 
277, 
155, 
•69, 
460, 
625, 

40, 
860, 
162, 
495, 
125, 
230, 
698, 
121, 

40, 



000,000 
500,000 
000,000 
000,000 
500,000 
000,000 
000,000 
000,000 
800,000 
000,000 
000,000 
000,000 
700,000 
000,000 
500,000 
000,000 
800,000 
000,000 
000,000 
000,000 



5,623,800,000 



Portion of energv for 
anthracite mines 
at motors. 



785,200,000 
4i5,"476,'666 

" 14,' 780, 666 



1, 215, 450, 000 



PREDICTION OF FUTURE LOAD. 

• 

Figure 17 shows the past and predicted future industrial mechanical power-supply equip- 
ment. The past has been plotted from Census data and the future from the past and the 
opinion of several authorities on industrial 
development in the zone. It is shown in 
Table 48 that on the average 1.18 horsepower 
of motors is required to replace 1 horsepower 
of prime movers. The increase in recent 
years of motors operated by purchased energy 
has therefore affected the aggregate horse- 
power, giving the curve an increased slope. 
This has been considered in predicting the 
1930 value, which shows an increase in the 
aggr^ate horsepower of 33 per cent from 
1919. If the ratio of motors operated by 
purchased energy to aggregate horsepower 
remained as in 1919 the increase in aggregate 
horsepower in 1930 would be only 20 per cent. 

The curve of horsepower that might have 
been supplied by superpower as drawn in 
figure 17 is based on the analysis in Table 48 
for 1919. As in that year 4,008,200 horse- 
power of prime movers woiild have been 
replaced by 4,703,000 horsepower of motors, 
it has been necessary to consider the ratios 
discussed in the preceding paragraph in plotting this curve. When *' saturation" is reached 
in 1930 these considerations are eliminated; prior to that time the form of the curve is correct, 
but exact values have been adjusted in consideration of the actual horsepower of motors 
operated by purchased energy. 

COST OF INDUSTRIAL POWER. 

Figures 18 and 19 show the comparative cost of power generated in isolated condensing 
plants of capacities up to 5,000 kilowatts, operating at four load factors, and of purchased power 
for the same capacities. For the same load factor the curve of the cost of purchased power 




1870 



leeo 



1690 



1900 



l9iO 



1920 



1930 



Fiousx 17.— Past and predicted future mechanical power-supply equip- 
ment used by industries in sujierpower cone, 1870-1930. 
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is considerably below the cost of generated power. As these curres represent condenwig 
plants, all noncondensing plants, where the exhaust steam is not utilized in manufacturing, 
would realize an even greater saving by the purchase of power. 



o- 6 



82 



500 IpOO 1300 ZfiOO 2^00 3A00 3^00 4j000 ^00 SjOOO 

« CAFWCITY OP PLANT IN KILOWATTS 

Fkiuxi is.— Curt ot glsMric power for Induitrial plmb opmllng on* shift daily . Based od prices and ceatral-statloD rales prevailing In July, 
I91V. Coelflgured atls.lgpersharttandellvered. Fixed chanes. 10 pv cent. 



35 



FI0I7RB 19. — Cost of electric powar for Industrial plants operBtlng three shifts dallj. Based on prices and omtnl-station rates preTatling la Julj, 
ISIS. CoBlfiguredattJ.lSper short ton delivered. Fixed charges, IS per cent. 

ISOLATED PLANTS. 

The cost of power shown for isolated plants includes all labor, fuel, and fixed chaises. 
Labor rates are those of 1919. Fuel was charged at $5.18 per short ton delivered. Fixed 
(, barges, including interest, depreciation, taxes, and insurance, were taken as 16 per cent of 
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the investment cost as of 1919. The isolated plants were assumed to be designed in accordance 
with the best modem practice. 

OENTBAL STATIONS. 

The central-station rates shown on the curves are the average rates in force in 1919 for 
several electric utilities that used coal-produced energy exclusively and that supply approxi- 
mately 400,000,000 kilowatt-hours yearly for industrial power at these rates. The rates are 
adjusted to coal at $5.18 per short ton delivered. At the present time these rates are typical 
of the large central stations only and not of the smaller companies, which are prevented by 
limitations of generatiag capacity from soliciting laige power loads. These limitations would, 
however, be removed by the development of a complete imified system of electric supply. 

SAVING IN COST OF POWER TO rNDUSTRIES. 

In Table 50 are given estimates showing the saving in cost of powei: to the industries 
possible by a change from the several types of power-supply equipment actually used in 1919 
to the maximum economical use of purchased electrical energy. The co^ts of power have been 
taken from figure 18, the data being applied in detail to each type ahd averjage size of plant, 
and the estimates therefore show the difference between average ibest i^lated-plant practice 
and central-station service. Savings are also shown for 1930 on the same basis as for 1919. 
A fixed charge of 16 per cent per «.nnnTn has been made against electrification, based on the 
cost of motors at $35 per horsepower installed. It is to be noted that in either 1919 or 1930, 
when the TUftTimiini purchase of electrical energy is considered, the aggr^ate horsepower is^ 
greater, owing to the ratio of motor to engine horsepower, as explained in connection with 
figure 17. The figures in the last two columns of the table are rounded to represent the nearest 
$10,000,000. 

Table 50. — PoMible saving in annual cost of indtistrial power through maximum economical use of purchased electrical 

energy, 1919 and 19S0, 

1919. 

Actual proportion of power-eupplv equipment, 9,069,000 horsepower (average cost, $55 

per horsepower-year) $500, 000, 000 

With mAT imiim purchase of electrical eneigy: 

9,764,000 horsepower (average cost, $32 per horsepower-year) $310, 000, 000 

Horsepower. 

Motors required 4,703,000 

Motors now instaUed and available (21 per cent) 990, 000 

New motors required i 3, 713, 000 

Cost of motors installed, $130,000,000. 

Motor fixed chaige, at 16 per cent 20,000,000 

330,000,000 

Possible saving 170,000,000 



'• 



Arrested development, based on a supply of industrial power by equipment in the same 
proportion as was actually used in 1919, 11,100,000 horsepower (average cost, $55 per 

horsepower-year) $610, 000, 000 

With maTJTmifn purchase of electrical eneigy: 

12,150,000 horsepower (average cost, $32 per horsepower-year) $390, 000, 000 

Horsepower. 

Motors required 6» 700, 000 

Motors now installed and available (21 per cent) 1, 400, 000 

New motors required 5, 300, 000 

Oost of motors installed, $185,000,000. 

Motor fixed charge, at 16 per cent 30, 000, 000 

^ 420,000,000 

Possible saving 190, 000, 000 
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PERFORMANCE AND COST OF THE SUPERPOWER SYSTEM. 



By Hexby Flood, jr., A. R. Wellwood, and others of the engineering staflF. 



OENERAIi CONDITIONS. 

The accompanying tables and diagrams show the investment cost and the cost of power 
delivered by a superpower system to the load centers in 1919, in 1925, and in 1930, St. Law- 
rence and Niagara power will probably not be available until after 1930, but the effect of St. 
Lawrence power on the Eastern New England, Western New England, and Mohawk-Hudson 
divisions and that of^ Niagara power on the Metropolitan division are shown for 1932. 

The cost of delivering power from a superpower system in 1930 if all the new power plants 
were of the steam-electric type is mentioned in order to justify the construction of both steam- 
electric and hydro-electric plants as proposed. 

The figures given for cost of superpower operation, including those for 1919, are of course 
hypothetical; the figures for independent operation in 1919, where given, represent actual cost. 

DEMAND AND ENERGY. 

Table 51 shows the estimated demand and enei^ for the superpower system in 1919, 
1925, and 1930^ These estimates are based on the rate of growth of the utilities, the industries, 
and the railroads within the zone. 

The figures in the first two columns in this table show the peak demand for power and the 
enei^ used during the year 1919 that could have been economically supplied by a superpower 
system. The figures in the second column include, first, the energy actually supplied by electric 
public-utility companies as reported by them; second, the energy now generated and used by 
isolated plants of industries that might have obtained it more economically from a superpower 
system, as determined by a method stated in detail in Appendix D (p. 143) ; third, the energy 
required for the heavy-traction load, which includes that of the railroads which can be econom- 
ically electrified. 

The figures showing the demand in 1919 were derived from the load factor of the energy 
actually supplied to the load centers in that year. The industrial and railroad loads that were 
added naturally tended to raise the load factor, but in order to be conservative the electric- 
utility load factor used was that for 1919. 

Table 51. — Demand and energy requirements for superpower zone. 





1919 


1925 


1930 


(Geographic division and load center. 


I>emand 
(tbousands 

of 
kdowatts). 


Energy 

(miUionsof 

kilowatt- 

hours). 


Dfmand 
(thousands 

of 
kilowatts). 


Energy 
(millions of 
kilowatt- 
hours). 


I>emand 
(thousands 

of 
kilowatts). 


Energy 
(miUioDsof 
kilowatt- 
hours). 


Eastern New England: 

Boston 


296.0 
107.6 


1, 069. 7 
390.5 


382 
36 
54 
27 

161 
71 

187 


1,439 
136 
203 
102 
608 
266 
704 


492 

45 

67 

41 

246 

108 

244 


1,886 

173 


Lowell .' 


Newburyport 


257 


Brockton 






155 


Providence 


291.0 


1, 019. 8 


939 


New Bedford 


414 


Worcester 


148.1 


535.9 


931 








842.7 


3, 015. 9 


918 


3,458 


1,243 


4,755 



148 



PEBFOBMAKCE AND COST OF SUPBBPOWEB SYSTEM. 



149 



Tabi«b 51. — Demcmd and energy requirements for euperpotoer tone — Continued. 



Oeographle dlyisloo and load center. 



WeBtern New England: 

Bridgeport 

New JETaven 

Norwich 

Waterbury . . : , 

Hartford 



Northampton 
PittBfiel 



Dpi 

d- 



Mohawk-Hudflon: 
Schenectady. 

TJtica 

Pous^eepde. 
FortJervia.... 



Metropolitan: 

New York 

Paterson 

Newark 

New Brunswick. 



Anthracite: 

Scranton 

Wilkes-Barre. 

Haeleton 

Allentown 

PottBville.... 



Southern: 

Trenton. 

Philadelphia. 

Reading 

HaniBbuig. . . 
Wilmington. . 

Baltimore 

Washington.. 



Superpower zone. 



1919 



DemAnd 
(thousands 

of 
kilowatts). 



244.0 



76.9 
148.5 



468.4 



201.0 
58.6 
62.1 



321.7 



923.0 



513.0 



1, 436. 



346.2 



150.0 
157.2 



653.4 



Energy 

(miUions of 

kilowatt- 

hoors). 



869.8 



270.6 
530.4 



1, 670. 8 



811.9 
238.5 
262.5 



1, 312. 9 



3, 595. 5 



1, 994. 5 



5, 590. 



1, 592. 9 



689.4 
723.0 



3,005.3 



91.3 
534.0 



212.2 



223.1 

71.2 

1, 131. 8 



376.2 
2,202.7 



875.7 



921.7 

292.9 

4, 669. 2 



4,854.0 



19, 264. 1 



1985 



Demand 
(thousands 

of 
kilowaUs). 



115 
64 
39 
44 
80 
136 
' 35 



513 



233 
92 
56 
34 



415 



1,270 

55 

360 

45 



1,730 



120 

145 

156 

58 

70 



549 



83 

706 

106 

.161 

46 

291 

84 

1,477 



5,602 



Energy 

(millions of 

kilowatt- 

bours). 



428 
239 
144 
165 
297 
507 
129 



1,909 



973 
383 
356 
155 



1,767 



5,066 
219 

1,438 
180 



6,903 



569 
687 
737 
276 
331 



1930 



Demand 
(thousands 

of 
kUowatts). 



146 
81 
49 
57 
103 
173 
43 



652 



300 

162 

83 

46 



591 



1,570 

66 

461 

59 



2,156 



Energy 
(millions of 
kilowatt- 
hours). 



168 

218 

229 

78 

92 



2,600 



785 



342 

2,983 

448 

681 

196 

1,229 

354 

6,233 



22, 870 



99 

1,040 

144 

219 

65 

336 

92 

1,995 



7,422 



555 
308 
184 
218 
392 
657 
163 



2,477 



1,263 
680 
374 
209 



2,526 



6,393 
271 

1,878 
239 



8,781 



771 

1,000 

1,051 

359 

425 



3,606 



426 

4,459 

619 

941 

282 

1,447 

393 

8,567 



30,712 



Figure 20 shows the distribution of load in the superpower zone for 1925 and 1930 and is 
(X)mparable to figure 1 (p. 33), showing the distribution of the electric-utility load in 1919. 

Figure 21 shows the load in 1919 and 1930 for each center compared with that of New 
York, which has been taken at 100 per cent. This chart shows the decentralization that should 
occur between those years through the agency of a superpower system. The electrification 
of heavy-traction railroads and of isolated industrial plants will be effective in relieving the 
congestion of load at the larger centers. For 1919 only 20 load centers are designated for 
the electric-utility load; for 1925 and 1930 the number of centers is increased to 34. For these 
later years the heavy-traction railroad load is added to that of the electric utilities, thus 
making it desirable and economical to tap the transmission systeip at a larger number of points. 
However, from the cost of substations given in Appendix H it is evident that it will not be 
economical to tap the transmission system for a load of less than 20,000 kilowatts. 
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FREQUENCY. 

The adoption of a standard frequency for the entire country would afford unquestionable 
advantages. The two frequencies 60 and 25 cycles have become well established throughout 
the superpower zone. Table 52 is a summary of the energy generated at different frequencies 
in each geographic division during 1919. 

Table 52. — Percentagta of energy generated at dijfa^nt frequencies/or eUctricpti^ the superpower zone in 1919, 



Qeogrephio diyision. 



Eaatem New England. 
Western New England 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 



Demand 

(thooaands 

of Idlowans). 



572. 82 
314. 13 
135.87 
1, 165. 00 
21.50 
185.08 
660.69 



3,055.09 



Output 

(millions of 

Idlowatt- 

honrs). 



1, 772. 41 
921. 99 
438. 16 

3, 866. 67 

60.48 

743.06 

2, 498. 36 



10, 301. 13 



Peroentaim of output generated at 
different Xrequendes. 



26 cycles. 



19.8 
18.8 
8.4 
71.6 
.0 
30.2 
51.1 



47.0 



60 cycles. 



70.0 
73.3 
24.2 
27.8 
98.1 
66.9 
44.8 



46.2 



Other fre- 
quencies. 



10.2 
7.9 

67.4 

.6 

1.9 

2.9 

4.1 



6.8 



Table 53 shows the percentages of energy generated at different frequencies in the five 
most densely populated load centers in the superpower zone — Boston, New York, Philadelphia, 
Baltimore, and Washington — and in the superpower zone exclusive of these five load centers. 

Tablb^53. — Percentages of energy generated at different frequencies at five principal load centers in superpower zone and 

in the remainder of the zotu. 



Five principal load centers 

Remainder of superpower zone 



Demand 

(thousands of 

kilowatts). 



1, 782. 76 
1, 272. 33 



Output 

(millions of 

kilowatt^ 

hours). 



6, 102. 54 
4, 198. 59 



Percentage of outnut generated 
at different frequencies. 



26 
cycles. 



68.2 
16.2 



60 



28.0 
72.7 



Other fro- 

Quendes. 



3.8 
ILl 



In New York City 84.6 per cent of the energy is generated at 25 cycles, in Baltimore 98.5 
per cent, and in Washington 99 per cent. In all other parts of the superpower zone the principal 
frequency used is 60 cycles. 

Table 54 shows the percentages of total capacity at different frequencies in the several 
geographic divisions of the superpower zone in 1919: 

Table 54. — Percentages, of total capacity at different freqwnu%es of steamreleetric and hydroelectric plants generating elec- 

tricityfor use by electric pu>blic utilities in the superpower zone in 1919. 



Geographic division. 

1 


Capacity 
(thousands of kilowatts). 


t*eroentage of total capacity at 
dJilerent frequencies. 


Steam- 
electric. 


Hydro- 
electric. 


Total. 


25 

cjrdes. 


60 
cycles. 


Other fre- 
quencies. 


Eaatem New Enelftnd 


815.7 
369.4 

58.3 
1, 629. 8 

26.8 
217.8 
882.4 


96.0 

111.5 

116.2 

8.7 

8.7 

5.1 

105.3 


911.7 
481.0 
174.4 
1, 638. 5 
35.5 
222.9 
987.7 


21.8 
15.1 
10.6 
70.1 


25.4 
53.7 


67.7 
77.3 
29.1 
27.9 
97.2 
68.5 
40.7 


10.5 


Western New England 


7.6 


Mohawk 


60.3 


MetropolitATi 


2.0 


Hudson 


2.8 


Anthracite ,. -, ■, 


6.1 


Southern 


5.6 






t 


4, 000. 2 


451.5 


4,451.7 


45.5 


46.8 


7.7 
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Of the power-plant capacity in the zone 89 .9 per cent is steam-electric and 10.1 per cent is 

hydroelectric. 

The electric street railways are by far the principal usera of 25-cycle energy, because 25^ycle 

rotary cODTerters were developed before the use of 60-cycle converters became practicable. 

Figure 22 shows the number of sales and the trend of sales of generating equipment in the 

superpower zone between 1914 and«1919 for the two frequencies mentioned. Similarly figure 

23 shows the electric-utility output at tho two frequencies for 1910 to 1919, inclusive. This 

figure indicates a decided trend toward 60 
cycles, both in generator sales and in electric- 
utihty output. 

The generator, motor equipment, and 
transformers for a 60-cycle installation coat, 
reepectivdy, about 10, 25, and 35 per cent less 
thui those for a 25-cycle instfillation. A 
300,000-kilowatt plant employing 60 cycles 
rather than 25 cycles would save in its generar 
tor equipment and in motors and transformers 
connected to its distribution system about 
$7,000,000. Incandescent lamps furnished with 
60-cycle enei^ are free from the flickering that 
is incident to lower frequencies. On the other 
hand, for a steel mill, where slow-speed motors 
are used, and for street railways, where the 
energy is converted into direct current, the 
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lower frequency can still be used with advantage where a large investment has already been 
made in equipment. Although 25 cycles has been the frequency used for two of the largest 
railroad electrifications in the zone it is evident that the trend is toward 60 cycles and that this 
frequency will eventually predominate. These two frequencies will be interconnected by 
means of frequency changeis as rapidly as economic conditions justify their use. 

For long-distance transmission there is a limit beyond which 60 cycles can not be used. 
A 60-cycle 220,000-volt line can be o[>erated practically to a distance of 350 miles; lower fre- 
quencies may be necessary on longer lines. 

It is clear that the superpower zone will eventually have an extensive network of inter- 
connected transmission lines, and in order that this network may be established and operated 
at the least expense it is necessary to fix a standard frequency. The evidence assembled shows 
that this frequency should be 60 cycles. 
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ESTIMATED LOAD GROWTH. 

Figure 24 shows graphically the past and estimated future load growth for the superpower 
zone for energy supplied to street railroads, electrified heavy-traction railroads, industries, and 
domestic consumers. This figure dilBfers from Plate IV, in Appendix B, by the inclusion of the 
heavy-traction railroad load. 

EFFECT OF DIVERSITY AND l6aD FACTOR. 

Investigation was made of the diversity existing on November 25, 1919, the day of apparent 
maximum load for the superpower zone. Seasonal diversity, which is greater than daily 
diversity, was not taken into account. 

There are three distinct diversities in the superpower zone — ^local diversity, or that which 
exists between the sum of the peaks of the individual electric public-utility companies as now 
operated and the peak that would be reached if they were interconnected at their respective 

load centers; regional diversity, or that 
which exists between the sum of the peaks 
of the individual load centers and the peak 
that would be reached in the entire super- 
power system if these load centers were inter- 
connected; and total diversity, or that which 
exists between the sum of the peaks of the 
individual public-utiUty companies as now 
operated and the peak that would be reached 
in the superpower system if there were com- 
plete interconnection throughout the super- 
power zone. 

The local diversity ranges from zero at 
Baltimore and Potts ville to 14.4 per cent at 
the New York load center. The compara- 
tively high local diversity shown for New 
FiouEB 24.-Past and estiinated future growth In load for superpower York on November 25 suffffested the further 

zone, 1010-1930. . . . #.1.1? / 1 

mvestigation of this load center, where ex- 
ceptional conditions exist. The following table shows the diversity that existed among the 
four largest utility companies in New York City on seven days in 1919 and three days in 1920: 
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Table 55. — Diversity among Jour utility companies in New York on certain days. 



Date. 



July 22, 1919. 
July 23, 1919. 
July 24, 1919. 
Nov. 25, 1919 
Dec. 16, 1919 
Dec. 17, 1919 
Dec. 18, 1919 
Dec. 14, 1920 
Dec. 15, 1920 
Dec. 16, 1920 



Total of 




nonoo- 


Coiiicident 


inddent 


peak loads 
(thousands 


peak loads 


(thousands 


of kilo- 


of kilo- 


watts). 


watts). 




563.0 


511.1 


569.0 


523.0 


529.8 


508.6 


779.4 


695.0 


745.5 


688.5 


763.6 


725.1 


783.4 


741.0 


788.3 


728.1 


800.9 


739.4 


821.9 


779.8 



Time of 

coincident 

peaks. 



9 a. m 
. . . .do. 

do. 

5 p. m 

do. 

. . . .do. 

do. 

...do. 

do. 

do. 



DiTerstty 
factor. 



1.10 
1.09 
1.04 
1.12 
1.08 
1.05 
1.06 
1.08 
1.08 
1.06 
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At certain load centers a large part of the local diversity has been absorbed through inter- 
connection. Utilization of local diversity is not necessarily an attribute of the superpower 
system. It can be accomplished, as now, by the interconnection of the present electric-utility 
plants. 

R^onal diversity as applied to the superpower zone is in general so small as to be of 
theoretical rather than practical value. Partial regional diversity between the Anthracite 
division and the MetropoUtan and Southern divisions is very marked and will become particu- 
larly evident vdth the growth of the Anthracite load by 1925 and 1930. In the Anthracite 
division the peak is controlled by the mining industry and occurs in the morning; there is a 
rapid falling off in load after 3 p. m. A combination of this load with the loads of the Metro- 
politan and Southern divisions will produce a great saving in power-plant cost over and above 
the cost of the transmission system necessary to effect the interconnection. 

Table 56 shows the local diversity at each load center, the regional diversity between load 
centers, and the total diversity in 1919. 

Table 56. — DivenUy in tuperpower zone, 1919. 



Oeogrephic division and load center. 



Eastern New England: 

Boston 

LoweU 

Providence 

Worcester 

Western New England: 

Hartford 

New Haven 

Northampton 

Mohawk: 

Utica. 

Albany 

Metropolitan: 

New York 

Newark 

Hudson: 

Pou^keepsie 

Anthracite: 

Pottsville 

AUentown 

Wilkes-Barre 

Southern: 

Trenton 

Harrisbure 

Fhiladelpnia 

Baltimore 

Washington 



NonoQinddent 
peak loads of 
utility com- 
panies (thou- 
sands of Idlo- 
watto). 



208.48 
34.53 

132. 10 
91.25 

52.38 

105.96 

66.22 

22.83 
87.70 

863.78 
155.18 

1L96 

8.00 
96.35 
50.01 

5.15 

51.84 

297.24 

118. 78 

55.20 



Peak at load 

center if 
utiUt V plants 

had been 

interconnected 

(thousands of 

kilowatts). 



Local divert 
sity factor. 



Superpower zone 2, 514. 94 



190.64 
32.27 

121.07 
85.51 

49.93 
98.85 
66.04 

22.34 
85.20 

755.25 
154.03 

11.50 

8.00 
95.26 
45.85 

4.90 

51.03 

286.72 

118. 78 

54.22 



2, 337. 39 



L09 
1.07 
1.09 
1.07 

L05 
1.07 
1.00 

1.02 
1.03 

L14 
LOl 

1.04 

1.00 
1.01 
1.09 

1.05 
1.02 
1.04 
1.00 
1.02 



Demand at 

load centers 

at time of 

superpower* 

sonepeak 

(thousands of 

kilowatts). 



190.64 
24.76 

121.07 
85.51 

49.93 
98.85 
66.04 

19.76 
85.20 

755'. 25 
154.03 

10.37 

6.75 
73.90 
44.89 

3.99 

51.03 

286.72 

118. 10 

52.96 



2, 299. 75 



Regional 

diversity 

factor. 



B 



1.02 



Total 

diversity 

factor. 



1.09 



In this report diversity has been used only as an aid to determine the capacity that would 
have been required for a superpower system in 1919. The estimated capacity required for 1925 
and 1930 is arrived at through a study of the trend of load factor for each of the individual 
load centers. 
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Figure 25 shows the trend of load factor in each gec^aphic division of the superpower 
zone during the period 1910 to 1919, inclusive. The curve for the zone as a whole is extended 

to indicate estimated load factor on utility 
systems in 1930 (curve B). The steady im- 
49 provement in load factor shown by these curves 

is due to three causes — interconnection of utility 
plants, increase of off-peak load, and growth of 
A* industrial demand. The greatest improvement 

in load factor is realized where the ratio of 
*^ industrial load to lighting load is high. Where 

40 the industrial load is small compared with the 

K lighting load, as in New York City, there is little 

^ ^ opportunity for improvement in load factor. 

if 36 1^^ effect of the war in increasing the load 

Q factorin 1917 and 1918 by introducing overtime 

3 "** and night work in many of the industries is very 

32 apparent. In extending the curves to indicate 

future improvement in load factor this abnoi^ 
30 mal increase has been discounted. 

^ Curve A in this figure shows the load fac- 

tor assumed for superpower operation. This 
2« curve is determined by adding the heavy- 

traction railroad load to that of the street rail- 
roads and electric utilities, represented by curve 
B. With the expected growth of industrial and 
A Lciwi factor heavy-traction loads it would seem that the 
, load lactoi In estimated load factor of 47 per cent for the en- 
tire superpower zone in 1930 is conservative. 

PHTSICAL DATA. 
FBODUCnON FACIUTIBa. 

Table 60, giving the total power-plant capacity and output for the superpower system for 
1919, 1925, and 1930, shows the following division of this capacity and output between steam- 
electric plants and hydroelectric plants: 

Tablb 67. — Capadtt/ and output of tttamrtUetne and hydroeUcUnc pUtntt, 1919, 1915. and 1930, in penxtUagtt. ■ 



FiQUBB 29.— Troud of load Iwtor for 



electric utUitics and atreetnUiMdi. 



Year 




HydroelecMc 


a«-dty. 


Ontpul. 


(kpadty. 1 Outpat. 




81.8 
83.5 
81.6 


78.2 
81.5 
79.2 


18.2 
16.5 
18.6 

















The division of capacity and output between new power plants and present power plants 
returned for the superpower sjntem is as follows: 
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Tablx 58. — Capacity and output of new and retained planttf.in pereentagtt. 





New plants. 


Bzfstinc plants retained. 


Ymt. 


O^padty. 


Ootpat. 


Annual 

capacity 

factor. 


Capacity. 


Output. 


Annual 

capacity 

factor. 


1919 


44.8 
49.8 
61.4 


69.0 
74.0 
82.1 


63.0 
64.6 
60.3 


55.2 
50.2 
38.6 


31.0 
26.0 
17.9 


22.7 


1925 


22.8 


1930 


20.2 







The higher efficiency under the superpower syBtem is largely attained by operating the new 
power plants at high annual capacity factors and by using the older plants to carry peak load 
at low annual capacity factors. 

Table 59. — Weighted average capacity of the power plants of the superpower system, in kilowatts. 



Hydroelectric plants retained 
Steam-electric plants retained. 



Weighted average of old plants retained. 



New hydroelectric plants 

New steam-electric plants 

Weighted average of new plants. 
Weighted average of all plants 



1025 



2,860 
44,600 



14,300 



36,100 
180,000 



103,200 



25,100 



1980 



2,860 
44,600 



14,300 



30,000 
218,000 



94,000 



29,900 



The average capacity of the steam-electric plants in operation in the electric utilities in 
1919 was 10,000 kilowatts, and the average capacity of the steam-electric plants retained is 
44,600 kilowatts, a gain made by eliminating the smaller and less efficient plants. The program 
of construction for new steam-electric plants shows an average capacity of plant in 1930 of 
more than twenty times that of the steam-electric plants serving electric public utilities in 1919. 

Tabls 60. — Power-plant capacity for the superpower system, 1919, 19t5, and 1930. 



Qeographic dlvliton. 

• 


Plant 

capacity 

(thousands 

ofkUo- 

«ratts). 


Peak 
demand 
(thousands 
of kilo- 
watts). 


Plant 
nserra 
(thousands 
of kilo- 
watts). 


Ontpat 
(mllnons 
of kilo- 
watt- 
hours). 


Capao- 

factor 

(per 

cent). 


If 19. 

Eastern New England: 

Present steam-electric plants 


514.6 
360.0 


• 




516.0 
2, 366. 


11.6 


New steam-electric plants 






75 












874.6 






2, 882. 


37.6 


* 








Present hydroelectric plants 


96.0 






269.0 


32 


New hydroelectric plants 






















96.0 






269.0 


32.0 










All plants 


970.6 


842.7 


127.8 


3, 151. 


37 






Western New England: 

Present steam-electric plants 


171.8 
270.0 






77.0 
1, 091. 


5 1 


New steam-electric plants . . 






46 












441.8 






1, 168. 


30.1 










Present hydroelectric plants 


111.5 
50.0 






340.0 
230.0 


34 8 


New hydroelectric plants , 






52 5 












161.5 






570.0 


40.3 










All plants 


603.3 


468.4 


134.6 


1, 738. 


32 9 




WA. V 
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Tablb 60. — Power-plant capacity for the superpower eystemy 1919, 1925, and 1930 — Continued. 



Geographic division. 


Plant 
capadty 
(thousands 
of kilo- 
watts). 


Peak 

demand 

(thousands 

ofkUo- 

watts). 


Plant 
reserve 
(thousands 
of kilo- 
watts). 


Output 
(miU ons 
of kilo- 
watt- 
hours). 


Capao- 

facior 

cent). 


If If — Continued. 
Mohawk-Hudson: 

Prflflent flteam-elePtfTio plftnts .-r- 


46.7 
180.0 






20.0 
606.0 


5.0 


New fltflftm-elertric plftnts - t - 






38.3 












225.7 






625.0 


31.6 . 










Present hvdroelectric plants 


124.9 
100.0 






361.0 
380.0 


32.9 


New hydroelectric plants 






43.3 












224.9 






741.0 


37.6 










All plants. .......... T T 


450.6 


321.7 


129.3 


1, 366. 


34.6 






Metropolitan: 

Iresent steam-electric plants 


1. 130. 5 
« 240.0 






2,960.0 
& 2,088.0 


30.0 


New steam-electric plants 






61.3 












1, 370. 5 






5,048.0 


33.6 










Present hvdroelectric plants 


8.7 
183.0 






22.0 
860.0 


28.8 


New hydroelectric plants - r 






63.0 












191.7 






872.0 


62.0 










All plants 


1, 562. 2 


1, 436. 


(') 


6, 920. 


36.8 






Anthracite: 

Present steam-electric plants 


159.5 
<* 460.0 






637.0 
« 1,960. 


38.4 


New steam-electric plants 






76.0 












609.5 






2, 487. 


65.6 










Present hydroelectric plants 


5.1 






16.0 


35.9 


New hydroelectric plimts 






















5.1 






16.0 


35.9 










All plants 


614.6 


653.4 


(') 


2,603.0 


66.3 






Southern: 

Present steam-electric plants 


654.5 
450.0 






579.0 
2, 923. 


10.1 


New steam-electric plants 






74.2 


• 










1, 104. 5 






3, 602. 


36.2 










Present hydroelectric plants 


105.3 
245.0 






542.0 
1, 434. 


58.8 


New hydroelectric plants 






66.8 












350.3 






1, 976. 


64.3 










All plants T , 


1,454.8 


1, 131. 8 


(') 


5, 478. 


42.9 






Superpower zone: 

Present steam-electric plants 


2, 676. 6 
1, 950. 






4, 689. 
11, 023. 


20.0 


New steam-electric plants , 






64.5 












4, 626. 6 






15, 712. 


38.8 










Present hvdroelectric plants 


451.5 
578.0 






1,550.0 
2, 894. 


39.2 


New hvdroelectric plants 






57.0 












1, 029. 5 






4,444.0 


49.3 










All plants 


5, 656. 1 


4, 854. 


802.5 


20, 156. 


40.5 







a Does not include the portion of the Pittston plant capacity chargeable to the Metropolitan division. 

t Indudes a portion of the output from the Pittston plant. 

e Joint reserve for Metropolitan, Anthracite, and Southern divisions, 1919, is 410,800 kilowatts. 

d Includes the total Pittston plant capacity. 

« Ts not the total output of the Pittston plant. 
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Tablb 60. — Power-plant capacUyfor the iuperpower syHem^ 1919^ 19tS, and 19S0 — Continued. 



(Seograjihio idiTlsioa. 


Plant 
capacity 
(thousands 
of kilo- 
watts). 


Peak 
demand 
(tbooaands 
of kilo- 
watts). 


Plant 
rmerye 
(thousands 
of kilo- 
watts). 


Output 

(mimons 

ofkilo- 

wat^ 

hours). 


(^pao- 
factor 
cent). 


1919 — Continued. 

Superpower zone— Continued. 

Present nlantfl retained i. 


3, 128. 1 

2, 528. 

81.8 

18.2 






• 

6, 239. 

13, 917. 

78.2 

21.8 


22.7 


New plants pronosed 






62.9 


Stenm-electric . . per rent of total . . 








Hydroelectric do . 
















199S. 

Eastern New England: 

Present steam-elertric plants - t . . - - r . , , , r , , , , - r r t 


514.6 
460.0 






516.0 
2, 811. 


11.6 


New steam-electric plants 






71.2 












964.6 






3, 327. 


39.4 










P?ese**t hydroelectric plants . ... r .....,- r . - t 


96.0 






269.0 


32.0 


New hydroelectric plants 






















96.0 






269.0 


32.0 










Allpliintf 


1, 060. 6 


918.0 


142.5 


3, 596. 


38.7 






Western New England: 

Present steam-electric plants. - - 


■ 

171.8 
300.0 






77.0 
1,223.0 


5.1 


New steam-electric plants » . . t - r ■, ^ --,,.,,,, ^ , - 






46.5 












471.8 






1,300.0 


31.4 












111.5 
50.0 






340.0 
230.0 


34.8 


New hydroelectric pliints. ...., 






52.5 












161.5 






570.0 


40.3 










All plants. . r r 


633.3 


513.0 


120.0 


1, 870. 


33.7 






Mohawk-Hudson: 

Present steam-electric plants- r,.,,-, ,,.,.-.. 


45.7 
240.0 


• 




20.0 
1, 039. 


5.0 


New steam-electric plants ........... t r . t r t . . . r . . . 






49.5 












285.7 






1, 059. 


49.5 










Present hydroelectric plants 


124.9 
100.0 






361.0 
380.0 


32.9 


New hydroelectric plaaits 






43.3 












224.9 






741.0 


37.6 










All plants 


510.6 


415.0 


96.0 


1,800.0 


40.2 






Metropolitan: 

Present steam-electric plants 


1, 130. 5 
a 390.0 






2, 960. 
1^3,508.0 


30.0 


New steam-electric plants. - 






67.0 












1, 520. 5 






6, 468. 


39.4 










Present hydroelectric plants 


8.7 
183.0 






22.0 
850.0 


28.8 


New hydroelectric plants 






53.0 












191.7 






872.0 


52.0 












1, 712. 2 


1, 730. 


(«) 


7, 340. 


40.8 


Anthracite: 

P"i¥Pent steam-electric plants 


159.5 
d 450.0 






537.0 
«1, 735. 


38.4 


New steam-electric plants 






75.0 












609.5 






2, 272. 


65.5 






. . ... 





a Does not Include the portion of the Pittston plant capacity chargeable to the Metropolitan division. 

^ Includes a portion of the output from the Pittston plant. 

* Joint reserve for Metropolitan, Anthracite, and Southern divisions, 1925, is ass.OOO kilowatts. 

4 Includes the total Pittston plant capacity. 

« Is not the total output of the Pittston plant. 
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Tabls eO.— Power-plant capaeUyfor the euperpower system^ 1919, 19t5, and iPJO— Oontiiiued. 



Geographic division. 


Plant 
capacity 
(tbonaandB 
of kilo- 
watts). 


Peak 
demand 
(thousands 
of kilo- 
watts). 


Plant 

reserve 

(thousands 

ofkik>- 

watts). 


Output 

(milUons 

ofkUo- 

watt- 

hours). 


Capae- 

fMtor 

(per 

cent). 


• 

ItSS — Continued . 
Anthracite— Continued. 

Prmwnt hydpoel«^t"C plantn 


5.1 






16.0 


35.9 


New hydrbelectnc plants 






















5.1 






16.0 


35.9 










All plantff 


614.6 


549.0 


(«) 


2,288.0 


65.3 






Southern: 

Pwwpnt wteam-elertrir plantfl. . . , 


654.5 
690.0 






579.0 
4,365.0 


10.1 


New ffteam-electric plants 






72.2 












1,344.5 






4,944.0 


42.0 


« 








Prenent hydroelectric plantn 


105.3 
245.0 






542.0 
1, 434. 


58.8 


New hydroelectric plants 






66.8 












350.0 






1, 976. 


64.3 










All plants 


1, 694. 8 


1, 477. 


W 


6,920.0 


46.7 






Superpower zone:, 

Preflent steam-electric plants 


2, 676. 6 
2, 520. 






4, 689. 
14, 681. 


20.0 


New steam-eWtric plants. 






66.4 












5, 196. 6 






19, 370. 


42.5 










Pre^nt hydroelectric plants . , . , .......... r . 


451.5 
578.0 






1,550.0 
2, 894. 


39.2 


New hydroelectric plants 






57.0 












1, 029. 5 






4, 444. 


49.3 


1 










6, 226. 1 


5,602.0 


624.5 


2a. 814 


43.7 








Prfl«ent plants retained 


3, 128. 1 

3, 098. 

83.5 

16.5 






6, 239. 


22.8 


New plajits proposed 






17, 575. 
81.5 
18.5 


64.6 


Steam<electric per cent of total. . 








Hydroelectric do 
















1»M. 

Eastern New England: 

Present steam-electric plants 


514.6 
810.0 






528.0 
4, 148. 


11.7 


New steam-electric plants 






58.3 












1, 324. 6 






4, 676. 


40.3 










Present hydroelectric plants 


96.0 






269.0 


32.0 


New hydroelectric plants 






















96.0 






269.0 


32.0 










All plants 


1, 420. 6 


124.3 


177.5 


4,945.0 


39.6 




» 


Western New England : 

Present steam-electric plants 


171.8 
390.0 






77.0 
1, 237. 


5.1 


New steam-electric plants , 






36.2 












561.8 






1, 314. 


26.7 












111.5 
165.0 






340.0 
760.0 


34.8 


New hvdpoelectric plants 






52.5 












276.5 






1, 100. 


45.3 










All plants 


838.3 


652.0 


186.0 


2, 414. 


32.8 






Mohawk-Hudson: 

Present stream-electric plants . . 


45.7 
360.0 






20.0 
1, 312. 


5.0 


New steam-electric plants 






41 5 












405.7 






1,332.0 


37 4 











a Joint reserve for Metropolitan, Anthracite, and Southern divisions, 1025, is 265,000 kilowatts. 



PEBFORMAKCE AHD COST OF SUPEBPOWEB SYSTBM. 



161 



Tablb 60. — Power-plant capacity /or the niperpower eyttemf 1919, 1925, and 19 SO — Continued. 



Geographic division. 


Plant 
capacity 
(thousands 
of kilo- 
watts). 


Peak 
demand 
(thousands 
of kilo- 
watts). 


Plant 
reserve 
(thousands 
of kilo- 
watts). 


Output 
(miluons 
of kilo- 
watt- 
hours). 


Canae- 

factor 

(per 

cent). 


ItSt— Continued . 

Mohawk-Hudflon — Continued . 

Present hydroelectric plants 


124.9 
150.0 






341.0 
900.0 


31.1 


New hydroelectric olants 






68.3 












274.9 


i,,..,... 




1,241.0 


61.7 










All plants 


680.6 


591.0 

4 


90.0 


2, 573. 


43.0 






Metropolitan: 

Trpflent irteani-<^l^y?tric plants 


1, 130. 5 
a 750.0 






2, 276. 
65,812.0 


23.0 


New steam-electric plants 






67.5 










• 


1,880.5 






8, 088. 


40.7 










Present hydroelectric plants 


8.7 
350.0 






22.0 
1,240.0 


28.8 


New hydroelectric phmts 






40.5 












358.7 






1, 262. 


40.2 










All plants 


2, 239. 2 


2, 156. 


(') 


9,350.0 


40.6 






Anthracite: 

Present steam-electric plants 


159.5 
<< 600.0 






537.0 
a2, 571.0 


51.0 


New steam-electric plants 






75.0 












759.5 






3, 108. 


67.3 










Present hydroe-ectric plants 


5.1 






16.0 


35.9 


New hydroelectric plants 






















5.1 






16.0 


35.9 










All plants 


764.6 


785.0 


(^) 


3, 124. 


67.1 






Southern: 

Present steam-electric plants 


654.5 
1,020.0 






579.0 
6, 219. 


10.1 


New steam-electric plants 






69.5 












1, 674. 5 






6, 798. 


46.2 










Present hyrfroel^ctric plants .__,-,--,,,.. 


105.3 
385.0 






542.0 
2, 180. 


58.8 


New hydroelectric plants 






64.5 












490.3 






2, 722. 


63.4 










• AH plants 


2, 164. 8 


1, 995. 


(') 


9,520.0 


50.0 






Superpower zone: 

Prewnt gtpftfn-«lectrio plants . , 


2, 676. 6 

3, 930. 






4,017.0 
21,299.0 


17.1 


New steam-electric plants 






61.8 












6,606.0 






25, 316. 


43.7 










Present hydroelectric plants 


451.5 
L 050.0 






1, 530. 
5,080.0 


38.6 


New hydroelectric* plant^^ 






55.2 












1,501.5 






6, 610. 


50.3 










All plants 


8, 108. 1 


7, 422. 


676.5 


31. 926. 


45.0 






Present pl^n*? i^tained 


.3, 128. 1 

4, 980. 

81.5 

18.5 






5, 547. 

26, 379. 

79.2 

20.8 


20.2 


New plants proposed 






60.3 


Steam-electric per cent of total . . 








Hydroelectric do 















a Does not Include the portion of the Pittston plant capacity chargeable to the Metropolitan division. 

Mneludes a portion of the output from the Pittston plant. 

e Joint reserve for Metropolitan, Anthracite, and Southern divisions 1930. is 233,000 kilowatts. 

d Includes the total Pittston plant capacity. 

<Is not the total output of the Pittston plant. 
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TRAHSMISaiOK UKBS. 

Table 61 gives the mileage of the transmission lines required for the superpower systenr 
for 1919, 1925, and 1930. 

Plates II and III (p. 14) show the proposed transmission lines for 1925 and 1930, 
respectively, and Plate III shows in addition proposed lines from the St. Lawrence and Niagara 
for 1932. These plates also show the approximate location for proposed new steam-electric 
and hydroelectric plants. 

Reliable service is insured by the interconnecting network, as each principal load center 
is served by eight incoming lined, four from each direction, and a few favorably located load 
centers have even more. 

Table 6^. — TVtnuniiMum lineafor auperpovoer tone in 1919, 19f5, and 19S0, in miUt. 



Y«ar and geographic division. 



1919. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 

Superpower zone 

1925. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan 

Antluracite 

Southern 

Superpower zone 

1930. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan 

Anthmcite 

Southern 

Superpower zone 

. I 



220,00(}-Tolt. 



Route. 







102 
35 

123 



260 







102 
35 

123 



2eo 







102 
35 

123 



260 



Tower. 







204 
70 

246 



520 







204 
70 

246 



520 







204 
70 

246 



520 



Circuit. 







408 
70 

492 



970 







408 
70 

492 



970 







408 
70 

492 



970 



110,000-Tolt. 



Route. 



207 
264 
237 
283 
59 
314 



1,364 



262 
264 
237 
283 
70 
314 



1,430 



262 
421 
262 
302 
70 
334 



1,651 



Tower. 



207 
415 
317 
393 
111 
463 



1,806 



262 
315 
317 
393 
133 
463 



1,883 



262 
601 
418 
444 
140 
483 



2,348 



Cirrait. 



414 
630 
634 
786 
222 
926 



3,612 



524 
630 
634 
786 
266 
926 



3,766 



524 
1,202 
a36 
888 
280 
966 



4,696 
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SUBSTATIONS. 

In Table 62 the transformer capacity does not include that installed in base-load steam- 
electric plants, and the synchronous-condenser capacity does not include the condenser effect 
of generators used as such, or of motor generator sets in the heavy-traction railroad substations. 

Tabi^e 62. — Substation capacity for the tuperpower syMtem in J919j 19t5, and 1930 , in thoiuands of kHovolt-amperes. 



Oeographlo diyiiloo. 



1919. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan .♦ 

Anthracite 

Southern 

Superpower zone / 

1925. 

Eastern New England 

Western Now England 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 

Superpower zone 

1930. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 

Superpower zone 



Transforxners. 



220,000- 

vdt 
primary. 









800 

125 

200 



110,000- 

volt 
primary. 



1,125 







850 
50 

300 



1,200 









1,050 

75 

325 



1,450 



325 
125 
300 
483 
425 
495 



Synchro- 
nous con- 
donsers. 



Frequency 
changen. 



150 
105 

45 
135 

90 
165 



2,153 



475 
375 
350 
033 
500 
595 



2,928 



550 
590 
475 
935 
675 
935 



4,160 



690 



150 
105 

45 
135 

90 
165 



690 



180 
135 
60 
180 
150 
195 



900 





30 






30 





30 






30 





60 






60 



FIJEIi REQUIREMBNT. 

Table 65 gives the fuel requirement for the superpower system for 1919, 1925, and 1930. 
The estimated fuel saving by the superpower system to the electric public utilities is as 
follows: 

Table 63. — Fuel »aving by tuperpower aystem to electric public utilities. 



1919 



Goal that would be required at 1919 fuel rate for electric power produced by 

Bteam short tons. . 

Coal required for superpower operation do 

Annual saving by superpower operation do 

Average cost per ton of coal delivered to superpower system 

Value of fuel saving i 



1925 



1S30 



24,600,000 
14, 103, 000 



10, 497, 000 

$4.37 

$45, 872, 000 



29, 600, 000 
16, 591, 000 



13, 001. 000 

$5.25 

$68, 200, 000 



39, 700, 000 
20, 551, 000 



19, 149, 000 
$5.25 
$100, 500, 000 



For independent operation the production of power by water has been taken at 2,100,000,000 
kilowatt-hours for 1925 and 2,800,000,000 kilowatt-hours for 1930. These figures are based on 
growth of water power for the electric utilities indicated by data collected by the United States 
Bureau of the Census. 

If in 1930 the superpower system were supplied with energy produced entirely from coal 
mth the exception of that from existing hydroelectric plants the coal required would amount to 
23,184,100 short tons, and the fuel saving would be 2,633,100 tons less than that effected by the 
proposed arrangement of superpower facilities for 1930. 
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Table 64. — Ftul rale for superpower operation and rate under independent operation in 1919, in pounds of coal per HlfyuHxH- 

hour generated. 



Superpower operation: 

New Bteam-electric planta 

Retained steam-electric plants 

Weighted average, steam-electric plants 

Independent operation (1919 performance of electric utilities) 



1919 



1.47 
2.64 



1.80 
2.73 



1925 



1.45 
2.54 



1.71 
2.73 





The average cost of fuel delivered to the new base-load steam-electric plants is lower «^xx^n 
that for existing steam-electric plants because of the advantageous locations that can be seleot;^d 
for the new plants. (See Appendix F.) This difference is particularly marked in the coixi- 
parison of the unit fuel cost for the electric utilities for 1910 (see p. 48) and that of tJ^e 
hypothetical superpower system for 1919, for which the cost of coal at the mine and the railiroa^d 
freight rate have been assumed to be the same, the resulting cost to the utilities being SS. 35 
per short ton, whereas that to the superpower system is $4.37 per ton. For the same rea.son, 
despite the higher freight rates charged against coal to the superpower system for 1925 and 1930, 
the resulting imit cost to the superpower system is less than that to the electric utilities for 191 9- 

By the use of St. Lawrence power to the extent of 600,000 kilowatts at a load factor of SO 
per cent in the Eastern New England, Western New England, and Mohawk-Hudson divisions ixi 
1932 the annual coal requirement wiU be 2,234,000 tons less than the quantity which would o^ 
used were this amount of power generated by new steam-electric plants. By the use of Niag«^* 
power to the extent of 300,000 kilowatts at a load factor of 80 per cent in the Metropolitan 
division in 1932 the a^nual coal requirement will be 1,204,000 tons less than the quantity Wb^^* 
would be used were this amoimt of power generated by new steam-electric plants. 

Table 65. — Fu^l requirements for superpower system for 1919, 1925, and 19S0. 



Geographic division. 



1919. 

Eutern New England: 

Present plants 

New plants 

Western New England: 

Present plants 

New plants 

Mohawk-Hudson : 

Present plants 

New plants 

Metropolitan: 

Present plants 

New plants x 

Anthracite: 

Present plants 

New plants 



Coal per 

Ulowatp-year 

of capadty 

(short tons). 



1.31 
3.92 



2.39 



2.70 



Total quantity 

of coal per Tear 

(thoosanos of 

short tons). 



Cost per short 
ton delivored. 



673.2 
1, 412. 



16.15 
6.10 



2, 085. 2 



6.11 



144.8 
729.0 



5.88 
5.67 



1.97 



1.12 
2.28 



873.8 



51.2 
410.0 



5.70 



5.32 
5.32 



Total annual 
cost. 



$4, 132, 000 
8, 620, 000 



kilow» 
(poux» 




d^> 



12,752,000 



851,000 
4, 130, 000 



4, 981, 000 



272,000 
2, 180, 000 



2.04 



461.2 



5.32 



2, 452, 000 



2.80 
2.99 



3,170 
« 1,625 



5.22 
5.22 



16, 550, 000 
5, 878, 000 



2.84 



4,795 



6.80 



1,085 



5. 92 I a 1, 759. 



5.22 



22, 428, 000 



2.53 
2.35 



2, 752, 000 
4, 135, 000 



6.17 



2, 844. 



2.41 



6, 887, 000 




• Includes a portion of the coal burned in the Pittston plant. 
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Table 65. — Fuel requircmentafor auperpower system for 1919, 1925 , and 1930 — Coiitinued. 



Oeograpbio dlvlaioii. 


Coal per 

kilowatt-Tear 

of capacity 

(Bhorttons). 


Total quantity 

ofcoalperjear 

(tboosands of 

short tons). 


Ck»t per short 
ton delivered. 


Total annual 
cost. 


Coal per 

kilowatt-hour 

(pounds). 


If 19— Continued. 
Southern: 

Present plants 


1.29 
4.88 


845.8 
2, 198. 


$5.05 
3.66 


$4, 270, 000 
8, 045, 000 


2 93 


New plants. ...» 


1 50 








2.76 


3, 043. 8 


4.05 


12, 315, 000 


L73 


Superpower zone: 

Present plants - 


2.23 
4.16 


5, 969. 8 
8, 133. 


4.84 
4.06 


28, 827, 000 
32, 988, 000 

1 


2 54 


New plants. . - . r r . , - . t . . . r . . . . . . 


1 47 




X. ^ f 




3.05 


14, 102. 8 


4.37 


61,815,000 


1.80 


inft. 

Eastern New England: 

Present plants 


1.29 
3.74 


665.3 
1, 679. 


7.40 
7.42 


4, 928, 300 
12, 435, 000 


2 58 


New plants 


1 19 




X. X<7 




2.44 


2,344.3 


7.40 


17, 363, 300 


1.41 


Western New England: 

TVesent plants 


.84 
2.72 


144.8 
816.0 


7.10 
6.86 


1, 028, 900 
5,600,000 


3 76 


New plants^ .^.-^ ,-.-r-..., 


1 33 








2.04 


960.8 


6.90 


6, 628, 900 


1.48 


Mohawk-Hudson: 

Present plan tSr. t-. -,-.,, 


1.12 
2.88 


51.2 
692.0 


6.33 
6.33 


324,000 
4,380,000 


5 14 


New plants. ,.,.--t -,-t ,T,r,T.. . 


1 33 








2.60 


743.2 


6.33 


4, 704, 000 


1.40 


Metropolitan: 

Present plants 


2.80 
3.84 


3, 170. 
2,598.0 


6.25 
6.25 


19, 800, 000 
12, 190, 000 


2 14 


New plants. ...-- T-.r»».... 


1 32 








3.06 


5, 768. 


6.25 


31,990,000 


1.68 


Anthracite: 

Present plantSr .t- 


6.80 
5.92 


1, 085. 
01,565.0 


2.81 
2.57 


3, 046, 000 
4, 025, 000 


4 04 


New plants .. .. ■. -- 


1 80 




X. w 




6.17 


2,650.0 


2.65 


7,071,000 


2.15 


Southern: 

Present plants x . x 


1.29 
4.75 


845.8 
3, 279. 


5.89 
4.42 


4, 979, 000 
14, 480, 000 


2 93 


New plants 


1 50 




X. l/V 




3.06 


4, 124. 8 


4.72 


19, 459, 000 


1.67 


Superpower zone: 

Present plants 


2.23 
4.23 


5, 962. 1 
10, 629. 


5.72 
5.00 


34, 106, 200 
53,110,000 


2 54 




1 45 








3.20 


16, 591. 1 


5.25 


87,216,200 


1.71 


19M. 

Eastern New England: 

Present plants 


1.30 
3.10 


673.2 
2, 512. 


7.43 
7.42 


4, 995, 000 
18, 610, 000 


2 55 


New plants 


1 21 








2.41 


3, 185. 2 


7.42 


23, 605, 000 


1.37 


Present plants 


.84 
2.17 


144.8 
846.0 


7.10 
6.87 


* 

1,029,000 
5, 810, 000 


3 76 


New plants .......... . 


1 37 






1 


1.76 


990.8 


6.90 


6, 839, 000 


1.51 



a Includes a portion of the coal burned in the Pittston plant. 
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Tablb 65. — Fuel requiremenUfor superpower tyetemfor 1919^ 19tS, and i9^0— Continiidd. 



Geographic division. 


Coal per 

kUowatt-vear 

of capacity 

(short tons). 


Total quantity 

of coal per year 

(thousands of 

short tons). 


Cost per short 
ton delivered. 


oost. 


Coalper 

kllowati-honr 

(pounds). 


IMO— Continued. 
Mohawk-Hudson : 

Present Dlants 


1.12 
2.47 


61.2 
888.0 


$6.33 
6.33 


$324,000 
5, 620, 000 


5.14 


New Plftntflr . r T - r . - , T r - r r ,-,-.,...,... . 


1.35 






• 


2.31 


939.2 


6.33 


5,944,000 


1.41 


Metropolitan: 

Present plants 


2.23 
3.86 


2, 522. 
4,131.0 


6.25 
6.25 


15, 763, 000 
21, 300, 000 


2.22 


New plants 


1.31 








2.88 


6,653. 


6.25 


37, 063, 000 


1 61 


Anthracite: . 

Present plants 


6.80 
5.92 


1, 85.0 
« 2, 316.0 


2.81 
2.57 


3,046,000 
5, 948, 000 


4.04 


New plants* . - , - r . r 


1.80 








6.10 


3, 401. 


2.63 


8,994,000 


2.07 


Southern: 

PPflHRPt plants. TT X-TT T.... 


1.29 
4.44 


845.8 
4, 536. 


5.89 
4.57 


4, 979, 000 
20, 670, 000 


2.93 


New plants. .-. ,.-., 


1.46 








3.21 


5, 381. 8 


4.77 25,649,000 


1.59 


Superpower zone: 

Pfesent nlants 


1.98 
3.88 


5, 322. 
15, 229. 


5.67 
5.11 


30, 136, 000 
77,958,000 


2.64 


New plants 


1.43 








3.11 


20, 551. 


5.25 


108,094,000 


1.62 



a Includes a portion of the coal burned in the Pittston plant. 



INVESTMENT COST. 



The total investment (x>st for the facilities of the superpower system* for 1919, 1925, and 
1930 is given in Table 68. The unit (X)st is shown below; the figures for the retained plants 
represent re'production cost in midyear of 1919. 

Tablb 66. — Unit investment cost of superpower system per kilowatt of installed plant capacity. 





1919 


1925 


1930 


New steam-el ectnc plants 


$112. 00 
151.90 


$110. 60 
151.90 


$109.50 


New hvdroelectric plants .' 


151.30 






Averaije. new plants 


121. 10 


118.40 


118. 25 






RAtaii^ed Ft^eam-ele^rtric plants. , 


123.00 
193.60 


123.00 
193.60 


123.00 


Retained hydroelectric plants. 


193.60 






Average, retained plants 


133.00 


133.00 


133.00 






Averai?e. all plants ,,.,,,,.,..,-, , - 


127.80 


125.80 


125.00 







The greater unit cost of the plants retained is the result of their smaller individual 
capacity. The new hydroelectric plants for the superpower system are to be located only at 
the most economical sites and constructed largely to carry peak loads, and therefore they show 
a lower unit investment cost. 



PEBFOBMAKCE A^P COST OF SUFEBFOWEB BTSTElf. 
Table 67. — Unit %nv€$hnerU coH per kilowaU o/defrumdfor all facilities of superpower system. 
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1019 


1«6 


1030 


Power plnntii 


$149. 00 
16.00 


$140.00 
15.40 


$136. 80 


TranBiniflnioii nyHtom 


14.05 






■ 


165.00 


155.40 


150.85 



The reproduction cost of the power plants of the electric utilities in 1919 was (598,277,000, 
or SI 96 per kilowatt of demand. 

The new money required for the superpower project is $453,143,000 by 1925 and $693,218,000 
by 1930, thus maldng it necessary to raise about $90,600,000 annually for the first fiye years 
and $48,000,000 annually for the succeeding five-year period. The early installation of the 
transmission network is responsible for the higher annual requirement for the first five years. 
This expenditure, however, is justified by the saving that will result through interconnection. 

If the increase in demand to 1930 were provided for by independent systems such as were 
in existence in 1919, a total of about $856,000,000 would have to be expended, requiring financing 
to the extent of about $85,600,000 annually. Accordingly, the construction of the superpower 
system should be accomplished with a saving in investment cost of about $163,000,000 during 
the next 10 years. 

Table 68. — Investment cost for the superpower system for 1919, 19t5y and 1930, in thousands of dollars. 





Eastern 

New 
England. 


Western 

New 
England. 


1 

Mohawk- 
Hudson. 


IfetiD- 
poUtan. 


Antlua- 
cite. 


Soathem. 


Super- 
power 
sone. 


Prment frtfiun-elfKTtric plantn 


66,235 
41,100 


24,550 
29,890 


7,200 
20,920 


129, 105 
« 43, 570 


22,586 
033,000 


79,543 
50,035 


329,219 


New ffteam-elfKTtric plantn 


218, 515 








107, 335 


54,440 


28,120 


172, 675 


55,586 


129, 578 


547, 734 


Prflftent hvdroftlwTtric plants 


16,501 


16, 713 
9,000 


26, 135 
20,124 


2,550 
25,700 


1,265 


23,963 
33,000 


87,127 


New hydpoelwrtric plfuita 


87,824 










16,501 


25, 713 


46,259 


28,250 


1,265 


56,963 


174, 951 


All power plantn 


123,836 


80,153 


74, 379 


200,925 


56,851 


186, 541 


722,686 








4,131 
3,656 


6,343 
1,902 


6,108 
3,149 


13,345 
10,955 


3,635 
3,253 


15,009 
6,183 


48.571 


SllbfltfttiOPfl. r - r 


29,098 




Tnuiflmifflion nytftfirn 


7,787 


8,245 


9,257 


24,300 


6,888 


21, 192 


77.669 






Total investinent coet 


131, 623 


88,398 


83,636 
-3,800 


225, 225 
+3,800 


63,739 
+2,655 


207,733 
-2,655 


800,354 


Debit or credit to other divigions 












Total investment cost to division 


131, 623 
82,736 


88,398 
41,263 


79,836 
33,335 


229,025 
131,655 


66,394 
23, 851 


205, 078 
103,506 


800,354 


Investment made as of midyear. 1919 


416,346 




New money required 


48,887 


47, 135 


46,501 


97, 370 


42,543 


101, 572 


384.008 






Prwent rteam-eloctric plants 


66,235 
50,700 


24,550 
33,100 


7,200 
26,850 


129,105 
« 62, 700 


22,586 
029,420 


79,543 
76,120 


329, 219 
278, 890 


New steam-elertrir plants 






116,935 


57,650 


34,050 


191,805 


52,006 


155,663 


608,109 


Present hydroelectric plants 


16,501 


16, 713 
9,000 


26,135 
20,124 


2,550 
25,700 


1,265 


23,963 
33,000 


87,127 
87,824 


New hydroelectric plants 










16,501 


25,713 


46,259 


28,250 


1,265 


56,963 


174, 951 


All p^wer plants , 


133, 436 


83,363 


80, 309 


220,055 


53,271 


212, 626 


783,060 





• Includes a portion of the Pittston plant investment. 
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Table 68. — InvestTnent cost for the superpower system for 1919, 19t6, and 1930, in thmisands ofdoUara — Continued. 



a 


Eastern 

New 
England. 


Western 

New 
England. 


Mohawk- 
Hudson. 


Metro- 
politan. 


Anthra* 
dte. 


Sonthem. 


Super- 
power 
lone. 


1»»^— Continued. 
TTftT>8Tnifl«irtn lines 


5,186 
5,102 


6,346 
3,655 


6,108 
3,226 


13,345 
12,436 


4,085 
4,163 


15,009 
7,768 


50,079 


Substations 


36,350 






TranflmiRflion RyFtem 


10,288 


10,001 


9,334 


25,781 


8,248 


22,777 


86,429 






Total investment cost 


143, 724 


93,364 
+5,980 


89,643 
-780 


245,836 
-5,200 


61, 519 
+1,435 


235,403 
-1,435 


869,489 


Debit or credit to other divisions 










Total investment cost to division 


143, 724 
82,736 


99,344 
41,263 


88,863 
33,335 


240,636 
131, 655 


62,954 
23,851 


233,968 
103,506 


869,489 


Investment made as of midyear. 1919 


416,346 






New T«oT)ey req^iired 


60, 988 


58,081 


55,528 


108,981 


39,103 


130,462 


453,143 






1930. 

Present steam-electric plants. 


66,235 
91,750 


24,550 
42,280 


7,200 
39, 195 


129, 105 
a 103, 100 


22,586 
^42,800 


79,543 
111, 060 


329. 219 


New steam-electric plants 


430,175 








157, 985 


66,830 


46,395 


232,205 


65,386 


190, 593 


759, 394 


Present hydroelectric plants 


16, 501 


16, 713 
29,000 


26,135 
38,350 


2,550 
51,500 


1,265 


23,963 
40,000 


87,127 


New hydroelectric plants 


158.850 










16,501 


45,713 


64,485 


54,050 


1,265 


63,963 


245,977 


All power plants? 


174, 486 


112, 543 


110,880 


286,255 


66,651 


254,556 


1, 013, 535 




TmnATniRRinn l^T^es . 


5,186 
5,730 


11,840 
5,612 


7,956 
4,371 


14,369 
14,606 


4,310 
4,765 


16,440 
9,008 


60,101 
44.092 


Substations 






Transmission system 


10, 916 


17,452 


12, 327 


28,975 


9,075 


25,448 


104.193 






Total investment cost 


185, 402 


129, 995 
-1-7,800 


123, 207 
-480 


315,230 
-7,320 


75, 726 
+18,340 


280,004 
-18,340 


1, 109, 564 


Debit or credit to other divisions 








Total investment cost to division 


185,402 
82,736 


137, 795 
41,263 


122, 727 
33,335 


307,910 
131,655 


94,066 
23,851 


261,664 
103,506 


1, 109, 564 
416.346 


Investment made as of midyear. 1919 






New money ^''eaui'^ 


102,666 


96,532 


89, 392 


176,255 


70, 215 


158,158 


693, 218 





a Includes a portion of the Pittston plant investment. 

COST OF. POWER. 

Table 72 gives the annual production cost of the power plants for the superpower zone, 
Table 73 the annual transmission-system cost, and Table 74 the total cost of power delivered 
to load centers. 

The costs given in Appendix B consider only production by the electric utilities and rep- 
resent the cost of power at their bus bars. These costs, compared to the production cost of all 
the plants of the superpower system, are as follows: 

Table 69. — Production cost per kilotoatt-hour net generated. 



Cost for electric utilities, 1919: 

Steam-electric 

Hydroelectric 

Au plants 

Cost for superpower system: 

Steam-electric 

Hydroelectric 

All plants 

Reduction by superpower systefm. 



1910 


1926 


$0. 0212 


10. 0212 


.0094 


.0094 


.0193 


.0193 


.0106 


.0107 


.0061 


.0061 


.0098 


.0098 


.0095 


.0095 



1990 



10. 0212 
.0094 
.0193 

.010? 
.0058 

.0093 

.0100 
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To the production cost of the superpower system must be added the transmission cost to 
determine the cost of power delivered at the load centers. 

The average unit cost of power delivered by the superpower system to the load centers 
is stated below. 

Table 70. — Unit co$t of power delivered to load centers. 



Operating cost.. 
Fixed chaiges... 
General expense 



1019 



PerkUo- 
watt-boor. 



$0.0045 
.0064 
.0004 



.0113 



Per kilo- 
watt-year 
ofdemand. 



117.85 

25.40 

1.55 



44.80 



1025 



1930 



Per kilo- 
watt-hour. 



$0.0050 
.0058 
.0004 



.0112 



Per kilo- 
watt-year 
ofdemand. 



PerkUo- 
watt-hour. 



$20.40 

24.00 

1.60 



46.00 



$0.0046 
.0056 
.0004 



.0106 



Per kilo- 
watt-year 
of demand. 



$19. 10 

23.10 

1.60 



43.80 



Tablb 71. — Annual cost for power delivered to load centers by superpower system and cost for independent operation wider 

conditions of 1919. 



Independent operation (power plants only): 

Fuel 

Maintenance, labor, and supplies 

Fixed charges and general expense 

Superpower operation (power plants and trananission system): 

Fuel .' 

Maintenance, labor, and supplies 

Fixed charges and general expense 

Saving by superpower operation: 

Fuel 

Maintenance, labor, and supplies 

Fixed charges and general expenses 



1919 



$125,000,000 

47,905,000 

190, 300, 000 



363, 205, 000 



61,815,000 

24, 829, 000 

130, 511, 000 



217, 155, 000 



63,185,000 
23,076,000 
59,789,000 



146, 060, 000 



192S 



$151,000,000 

69, 425, 000 

227,150,000 



447, 675, 000 



87, 216, 000 

27, 451, 000 

142, 638, 000 



257,305,000 



63, 784, 000 
41,974,000 
84,512,000 



190,270,000 



1930 



$203,800,000 

93, 440, 000 

306,900,000 



603, 140, 000 



108, 094, 000 

33,905,000 

182, 608, 000 



324, 607, 000 



95, 706, 000 

59, 535, 000 

123,292,000 



278,533,000 



The estimated fuel saving for 1925 is very little greater in dollars than that for 1919, owing 
to the lower unit coal cost per ton for superpower operation in the earlier year. The cost of power 
for independent operation is computed on the 1919 unit cost given in Appendix B. The value 
of fuel saving as here stated will therefore not check with the value given on page 163, where a 
definite cost per ton has been used in obtaining the result. 

The toted investment in electric-utility company plants in 1919, as shown by reproduction 
cost, was $598,277,000. Plants to the value of $416,346,000 are to be incorporated in the 
superpower system, leaving plants to be abandoned represented by a reproduction cost of 
$181,931,000. 

The net saving effected by the superpower system is arrived at by deducting from the gross 
saving the cost of money, taxes, insurance, and sinking fund on these abandoned plants, the 
investment in which must be gradually amortized. The cost of money, insurance, and taxes 
on the abandoned plants will amount to $21,800,000 a year, and a sinking fund of $17,800,000 
a year will amortize the investment in these plants in about eight years on a 7 per cent annuity 
basis. The deduction from the gross saving is therefore $39,600,000 a year, and the net savings 
arefor 1919, $106,450,000; for 1925, $150,670,000; for 1930, $238,933,000. 

If in 1930 the superpower zone were supplied with power from an interconnected system 
in which all the new power plants were of the steam-electric type and were located as close to 
the load centers as the available supply of condensing water would permit, the total investment 
in such a system would be $1,064,716,000, and the annual cost of power delivered to the load 
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centers wotdd be $348,084,000. The combination of base-load steam-electric plants located 
both at tidewater and in the anthracite Tnining region with hydroelectric plants increases the 
investment cost to $1,109,564,000 but reduces the annual cost of power delivered to the load 
centers to $278,534,000 — a saving of $69,550,000 annually on an increased investment of 
$44,838,000. 

By taking advimtage of the partial regional diversity existing between the Anthracite 
division and the Southern and Metropolitan divisions and by producing large blocks of power 
in the Sunbury, Nescopeck, and Pittston base-load steam-electric plants in connection with the 
development of the Delaware River project to carry peak loads, as recommended for 1930, and 
by transmitting such of this power as is not absorbed by the Anthracite division to the Metro- 
politan and Southern divisions over the 220,000-volt transmission lines shown on Plates II and 
ni, power could be delivered to these three divisions at the low average cost of 9.7 mills per 
kilowatt-hour. On the other hand, if the diversity existing between these divisions were ignored 
and the power were produced in steam-electric plants located as near the centers where it is used 
as the available supply of condensing water would permit, and if there were no transmission- 
line connection between the Anthracite and the Metropolitan and Southern divisions, the corre- 
sponding cost of power delivered to the load centers of these divisions would be 10.8 mills per 
kilowatt-hour. 

As it will require about eight years to construct the proposed St. Lawrence hydroelectric 
works and about the same length of time to obtain additional capacity at Niagara Falls that 
could be released to the superpower zone, the load requirements of 1930 must be met by other 
facilities. However, if these developments were completed by 1930, the load growth in the 
Eastern New England, Western New England, and Mohawk-Hudson divisions should be sufficient 
to absorb the available output of the St. Lawrence by 1932, and that of the Metropolitan division 
should be sufficient to absorb 300,000 kilowatts at a load factor of 80 per cent from Niagara in 
the same year. It is believed from consultation with the best-informed authorities on these 
two projects that power could be purchased from them at not more than $20 per horsepower- 
year delivered at their bus bars, and accordingly this figure is used in determining their effect 
on the cost of power to those divisions of the superpower zone so supplied. 

The estimated average cost for St. Lawrence power delivered in 1932 at Utica and Sche- 
nectady, N. Y., and Northampton, Mass., is 4.6 mills per kilowatt-hour for 600,000 kilowatts 
at a load factor of 80 per cent. The total annual cost for all power delivered in 1932 to the load 
centers of the Eastern New England, Western New England, and Mohawk-Hudson divisions 
with St. Lawrence power would be $130,273,000. Were the excess enei^ requirement of 1932 
over that of 1930 furnished by new steam-electric plants, the total cost would be $141,601,000. 
The development of St. Lawrence River would therefore save $11,328,000 annually to these 
geographic divisions. The total investment required for equipment to use St. Lawrence pur- 
chased power would be $24,826,000 less than that required if new steam^electric plants were 
constructed to supply this excess enei^. In the Eastern New England, Western New England, 
and Mohawk-Hudson divisions, which lie farthest from the coal fields, the cost of power gener- 
ated by steam-electric plants is inherently high, and therefore the St. Lawrence development 
will be of very great benefit to these divisions. 

The Metropolitan division by 1932 can absorb 300,000 kilowatts of Niagara power delivered 
at a load factor of 80 per cent. The cost of this power delivered at Paterson, N. J., will be about 
5.7 mills per kilowatt-hour. The total cost to the Metropolitan division for the power it will 
require in 1932, if Niagara power is used, will be $107,651,000. If the growth in energy required 
between 1930 and 1932 were supplied from new steam-electric plants located in the Metropolitan 
division, the total cost for power to the division in that year would be $110,899,000, showing a 
saving of $3,248,000 in favor of Niagara power. Were the power purchased from the Niagara 
power interests, so that no investment by the superpower s3^tem in hydroelectric power plants 
at that location would be required, the total added investment for 1932 would be $5,080,000 
less than that which would be required if the Niagara power were displaced by steam-electric 
power. 
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Tablb 72. — Total annual production ooUfor $uperpotcer tystemfor 1919^ 1925, and J9S0. 





Annual operating oost. 


Annual fixed 
charges. 


Anniwl production cost. 


Oeofmphio dlriilaQ. 


Fuel. 


Labor, maln- 

tonance, and 

supplies. 


Total. 


PerkUo. 
watt-hour. 


Total, 


Perkflo- 
watt-hour. 


191t. 

Eastern New England* 

Steam-electnc plants — 
Preeent 


$4, 132, 000 
8, 620, 000 


$2, 655, 000 
1, 490, 000 


$6, 787, 000 
10,110,000 


$0. 0131 
.0043 


$10, 606, 000 
6, 580, 000 


$17, 393, 000 
16, 690, 000 


10. 0336 


New 


.0070 








12, 752, 000 


4, 145, 000 


16, 897, 000 


.0058 


17, 186, 000 


34,083,000 


.0118 


Hydroelectric plants — 
Present 




388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


.0104 


New 


























388,000 


388,000 


.0014 1 2,394,000 


2, 782, 000 


.0104 








All plants 


12, 752, 000 


4,533,000 


17, 285, 000 


.0055 


19, 580, 000 


36, 865, 000 


.0117 






Western New En^^land: 
Steamnelectric plants — 
Present ^ . . 


851,000 
4, 130, 000 


942,000 
996,000 


1, 793, 000 
5, 126, 000 


.0233 
.0047 


3, 928, 000 
4, 785, 000 


5, 721, 000 
9, 911, 000 


.0743 


New 


.0091 








4,981,000 


1,938,000 


6, 919, 000 


.0059 


8, 713, 000 


15, 632, 000 


.0133 


Hydroelectric plants^ 
Preeent 




438,000 
100,000 


438,000 
100,000 


.0013 
.0004 


2, 477, 000 
1, 156, 000 


2, 915, 000 
1, 2561000 


.0086 


New 




.0055 


* 










538,000 


538,000 


.0009 


3, 633, 000 


4, 171, 000 


.0073 








All plants 


4, 981, 000 


2, 476, 000 


7, 457, 000 


.0043 


12, 346, 000 


19, 803, 000 


.0114 






Mobawk-Hudson : 

Steam-electric plants — 
Present 


272,000 
2, 180, 000 


212,000 
640,000 


484,000 
2, 820, 000 


.0242 
.0047 


1, 153, 000 
3,350,000 


1, 637, 000 
6, 170, 000 


.082 


New 


.0102 








2, 452, 000 


852,000 


3,304,000 


.0053 


4, 503, 000 


7,807,000 


.0125 


Hydroelectric plants- 
Present 




446,000 
200,000 


446,000 
200,000 


.0012 
.0005 


3, 787, 000 
2, 615, 000 


4, 233, 000 
2, 815, 000 


.0117 


New 




.0074 












646,000 


646,000 


.0008 


6,402,000 


7,048,000 


.0095 








All plants 


2, 452, 000 


1, 498, 000 


3, 950, 000 


.0029 


10, 905, 000 


14, 855, 000 


.0109 






Metropolitan: 

Steam-electric plants- 
Present 


16, 550, 000 
5, 878, 000 


6, 343, 000 
1, 622, 000 


22, 893, 000 
7,500,000 


.0077 
.0043 


20, 657, 000 
6, 980, 000 


43, 550, 000 
ol4, 480, 000 


.0147 


New 


.0083 








22, 428, 000 


7, 965, 000 


30, 393, 000 


.0068 


27, 637, 000 


58, 030, 000 


.0130 


Hydroelectric plants- 
Present 




67,000 
350,000 


67,000 
350,000 


.003 
.0004 


370,000 
3,380,000 


437,000 
3, 730, 000 


.0198 


New 




.0044 












417,000 


417,000 


.0005 


3, 750, 000 


4, 167, 000 


.0048 








All plants 


22,428,000 


8, 382, 000 


30, 810, 000 


.0057 


31, 387, 000 


62, 197, 000 


.0115 






Anthracite: 

Steam-electric plants — 
Present 


2, 752, 000 
4, 135, 000 


1, 007, 000 
1, 395, 000 


3, 758, 000 
5, 530, 000 


.007 
.0028 


3, 614, 000 
5, 280, 000 


7, 372, 000 
«10,810,000 


.0137 


New 


.0055 








6, 887, 000 


2, 401, 000 


9, 288, 000 


.0035 




8, 894, 000 


18,182,000 


.0068 



a Includes a portion of tho annual production cost of the Plttston plant. 
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Table 72. — Ikttal annual production coat/or mperpoiver ayMtem/or 1929, 19tS, and 1950— Continued. 





Annual qperatlng ooBt. 


Annual flzed 
charges. 


Annual production cost. 


Oeognphlc division. 


FkieL 


Labor, maln- 

teaanoe.and 

supplies. 


Total. 


PerhHo- 
watt*hour. 


Total. 


Per kilo- 
watt-hoqr. 


191t — Gontinned. 

Anthracite^Continued. 
Hydroelectric plants — 
Present 




$64,000 


$64,000 


$0,004 


$183,000 


$247,000 


$0.0155 


New 
























64,000 


64,000 


.004 


183,000 


247,000 


.0155 








All plantff 


$6, 887, 000 


2, 465, 000 


9, 352, 000 


.0035 


9, 077, 000 


18, 429, 000 


0067 






Southern: 

Steam-electric plants — 
Present 


4, 270, 000 
8, 045, 000 


1, 481, 000 
1, 939, 000 


5, 751, 000 
9, 984, 000 


.0099 
.0034 


12, 662, 000 
8,000,000 


18, 413, 000 
17, 984, 000 


0318 


New 


0061 








12, 315, 000 


3,420,000 


15, 735, 000 


.0045 


20, 662, 000 


36, 397, 000 


.0140 


Hydroelectric plants — 
Present 




340,000 
395,000 


340,000 
395,000 


.0063 
.0003 


3, 475, 000 
4,280,000 


3, 815, 000 
4, 675, 000 


.007 


New 


• •**■■•••••• 


.0033 












735,000 


735,000 


.0004 


7, 755, 000 


8, 490, 000 


.0043 








All plants 


12, 315, 000 


4, 155, 000 


16, 470, 000 


.0030 


28, 417, 000 


44, 887, 000 


.0082 






Superpower system: 

Steam-electric plants- 
Present 


28, 827, 000 
32, 988, 000 


12, 639, 000 
8, 082, 000 


41, 466, 000 
41, 070, 000 


.0088 
.0037 


52, 620, 000 
34, 975, 000 


• 

94, 086, 000 
76, 045, 000 


.0201 


New 


.0069 








61, 815, 000 


20, 721, 000 


82, 536, 000 


.0053 


87, 595, 000 


170, 131, 000 


.0108 


Hydroelectric plants — 
Present 




1, 743, 000 
1,045,000 


1, 743, 000 
1, 045, 000 


.0011 
.0004 


12, 686, 000 
11, 431, 000 


14, 429, 000 
12, 476, 000 


.0093 


New 




.0043 








■ 




2, 788, 000 


2, 788, 000 


.0006 


24, 117, COO 


26, 905, 000 


.0061 








All plants 


61, 815, 000 


23, 509, 000 


85, 324, 000 


.0042 


111, 712, 000 


197, 036, 000 


.0098 






1925. 

Eastern New England: 
Steam-electnc plants — 
Present 


4, 928, 000 
12, 435, 000 


2, 655, 000 
1, 830, 000 


7, 583, 000 

14, 265, 000 

* 


.0147 
.0051 


10, 606, 000 
8, 120, 000 


18, 189, 000 
22, 385, 000 


.0352 


New 


.0080 








17, 363, 000 


4, 485, 000 


21, 848, 000 


.0066 


18, 726, 000 


40, 574, 000 


.0122 


Hydroelectric plants — 
Present 




388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


.0104 


New 


" * * 














1 






388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


.0104 








All pl^uitJ^ 


17, 363, 000 


4, 873, 000 


22, 236, 000 


.0062 


21, 120, 000 


43, 356, 000 


.0121 






Western New England: 
Steam-electric plants — 
Present 


1, 029, 000 
5, 600, 000 


942,000 
1,100,000 


1,971,000 
6, 700, 000 


.0256 
.0055 


3, 928, 000 
5, 293, 000 


5, 899, 000 
11, 993, 000 


.0767 


New 


.0098 








6, 629, 000 


2, 042, 000 


8, 671, 000 


.0067 


i 9,221,000 


17,892,000 


.0138 
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Tablb 72. — T\>Ud annual production cost for tuperpovoer tysUm/or 1919^ i9g5, and 2930 — Continued. 





Annual opwating cost. 


Annual fixed 
charges. 


Annual production cost. 


Oeographio division. 


Fuel. 


Labor, main- 
tenance, and 
supplies. 


Total. 


Per kilo- 
watt-hoiu'. 


Total. 


Per kilo- 
watt-kour. 


ItSl^— Continued. 

Western New England— Con. 
Hydroelectric plants- 
Present 




$438,000 
100,000 


$438,000 
100,000 


$0.0013 
.0004 


$2, 477, 000 
1, 156, 000 


$2, 915, 000 
1, 256, 000 


SO. 0085 


New 




.0055 












538,000 


538,000 


.0009 


3, 633, 000 


4,171,000 


.0073 








All pl^pt^ 


96, 629, 000 


2,580,000 


9,209,000 


.0049 


12, 854, 000 


22, 063, 000 


.0118 






Mohawk-Hudson : 

Steam-electric plants- 
Present 


324,000 
4,380,000 


212,000 
890,000 


536,000 
5, 270, 000 


.0268 
.0051 


1, 153, 000 
4, 296, 000 


1, 689, 000 
9,566,000 


.0844 


New 


.0092 






/ 


4, 704, 000 


1, 102, 000 


5,806,000 


.0055 


5, 449, 000 


11, 255, 000 


.0106 


Hydroelectric plants — 
Present 




446,000 
200,000 


446,000 
200,000 


.0012 
.0005 


3, 787, 000 
2, 615, 000 


4, 233, 000 
2, 815, 000 


.0117 


New 




.0074 












646,000 


646,000 


.0009 


6, 402, 000 


7,048,000 


.0095 








All plants 


4, 704, 000 


1, 748, 000 


6, 452, 000 


.0036 


11, 851, 000 


18, 303, 000 


.0102 






Metropolitan: 

Steam-electric plant^^ 
Present 


19, 800, 000 
12, 190, 000 


6, 343, 000 
2, 419, 000 


26, 143, 000 
14, 609, 000 


.0088 
.0048 


20, 657, 000 
10, 030, 000 


46,800,000 
o 24, 639, 000 


.0158 


New 


.077 








31, 990, 000 


8, 762, 000 


40, 752, 000 


.0071 


30, 687, 000 


71, 439, 000 


.0123 


Hydroelectric plants — 
Present 




67,000 
350,000 


67,000 
350,000 


.0030 
.0004 


370,000 
3,380,000 


437,000 
3, 730, 000 


.0198 


New 




.0044 












417,000 


417,000 


.0005 


3, 750, 000 


4, 167, 000 


.0048 




* * 




All plants 


31, 990, 000 


9, 179, 000 


41, 169, 000 


.0061 


34, 437, 000 


75, 606, 000 


.0112 


"■"■ f ■■"••iw ••■ 




Anthracite: 

Steam-electric plants — 

Present 

New 


3,046,000 
4, 025, 000 


1.006,000 
1, 256, 000 


4, 052, 000 
5, 281, 000 


.0075 
.0031 


3, 614, 000 
4, 710, 000 


7,666,000 
a 9, 991, 000 


.0143 
.0058 








7,071,000 


2, 262, 000 


9, 333, 000 


.0037 


8, 324, 000 


17, 657, 000 


.0071 


Hydroelectric plants — 
Present 




64,000 


64,000 


.0040 


183,000 


247,000 


.0155 


New 


























64,000 


64,000 


.0040 


183,000 


247,000 


.0156 








All plants 


7, 071, 000 


2, 326, 000 


9, 397, 000 


.0038 


8, 507, 000 


17, 904, 000 


.0071 






Southern: 

Steam-electric plants- 
Present 

New 


4, 979, 000 
14, 480, 000 


1, 481, 000 
2, 960, 000 


6, 460, 000 
17, 440, 000 


.0112 
.0040 1 


12, 662, 000 
12, 175, 000 


19, 122, 000 
29, 615, 000 


.0331 
.0068 




19, 459, 000 


4, 441, 000 


23, 900, 000 


.0048 


24, 837, 000 


48, 737, 000 


.0099 


Hydroelectnc plants — 
Present 




340,000 
395,000 


340,000 
395,000 


.0063 
.0003 


3, 475, 000 
4, 280, 000 


3, 815, 000 
4, 675, 000 


.007 


New 




.0033 












735,000 


735,000 


.0004 


7, 755, 000 


8,490,000 


.0043 








All plants 


19, 459, 000 


5, 176, 000 


24, 635, 000 


.0035 


32, 592, 000 


57, 227, 000 


.0083 







a Includes a portion of the annual production cost of the Pittston plant. 
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Table 72.— Total annual prodtiction cottfor superpower tyitem/or 1919, 19$S, and i9^0— Continued. 





Annual operating oast. 


Annual ftxed 
eharfBS. 


Annual production ooBt. 


OMgnphio dlvisloii. 


Fuel. 


Labor, main- 
tenance, and 
supplies. 


Total. 


Perldlo- 
watt-faour. 


Total. 


Per kilo- 
watt-hoar. 


102&— Continued . 

S uperpower system : 

Steam-electric plants — 
Present 


134, 106, 000 
53, 110, 000 


$12, 639, 000 
10, 455, 000 


146, 745, 000 
63, 565, 000 


$0.0100 
.0043 


$52, 620, 000 
44, 624, 000 


$99,365,000 
108, 189, 000 


$0.0212 
.0074 


New 






87, 216, 000 


23, 094, 000 


110, 310, 000 


.0057 


97, 244, 000 


207, 554, 000 


.0107 


Hydroelcctnc plants — 
Present 




1, 743, 000 
1, 045, 000 


1, 743, 000 
1,045,000 


.0011 
/ .0004 


12, 686, 000 
11,431,000 


14, 429, 000 
12, 476, 000 


.0093 
.0043 


New 












2, 788, 000 


2, 788, 000 


.0006 


24,117,000 


26, 905, 000 


nofii 






. wox 


All plants X X 


87, 216, 000 


25, 882, 000 


113, 098, 000 


.0048 


121, 361, 000 


234, 459, 000 


.0098 




19S0. 

Eastern New England: 
Bteam-electnc plants — 
Present 


4, 995, 000 
18, 610, 000 


• 

2, 852, 000 
3, 063, 900 


7,847,000 
21, 675, 000 


.0148 
.0052 


10, 606, 000 
14, 685, 000 


18, 453, 000 
36,360,000 


.0350 
.0088 


New 






23, 605, 000 


5, 917, 000 


29, 522, 000 


.0063 


25, 291, 000 


54, 813, 000 


.0117 


Hydroelectric plants — 
Present 




388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


.0104 


New 






















388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


01 n4 






. vxirt 


All plants 


23, 605, 000 


6, 305, 000 


29, 910, 000 


.0061 


27, 685, 000 


57, 595, 000 


.0116 




Western New England: 
Steam-electnc plants — 
Present 


1, 029, 000 
5, 810, 000 


942,000 
1, 370, 000 


1, 971, 000 
7, 180, 000 


.0256 
.0058 


3, 928, 000 
6, 775, 000 


5, 899, 000 
13, 955, 000 


.0767 
.0113 


New 






6, 839, 000 


2, 312, 000 


9, 151, 000 


.0070 


10, 703, 000 


19, 854, 000 


.0151 


Hydroelectric plants — 
Present 




438,000 
330,000 


438,000 
330,000 


.0013 
.0004 


2, 477, 000 
3,800,000 


2, 915, 000 
4, 130, 000 


.0086 
.0054 


New. 












768,000 


768,000 


.0007 


6, 277, 000 


7, 045, 000 


omu 


• 




. \A^O^ 


All plftT^t^. , , 


6, 839, 000 


3, 080, 000 


9, 919, 000 


.0041 


16, 980, 000 


26, 899, 000 


0112 




. vxx^ 


Mohawk-Hudson : 

Steam-electnc plants — 
Present 


324,000 
5, 620, 000 


212,000 
1, 300, 000 


536,000 
6, 920, 000 


.0268 
.0053 


1, 153, 000 
6, 270, 000 


1, 689, 000 
13, 190, 000 


.0844 

oion 


New 




■ vXvv 




5, 944, 000 


1, 512, 000 


7, 456, 000 


.0056 


7,423,000 


14, 879, 000 


.0112 


Hydroelectric plants — 
Present 




446,000 
300,000 


446,000 
300,000 


.0013 
.0003 


3, 787, 000 
4, 950, 000 


4, 233, 000 
5, 250, 000 


0124 


New 




00.^ 






. WtJO 






746,000 


746,000 


.0006 


8, 737, 000 


9, 483, 000 


0077 






. VfVl f 


All plants 


5, 944, 000 


2, 258, 000 


8, 202, 000 


\0032 


16, 160, 000 


24, 362, 000 


OOOfi 




• WCFV 
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Tablb 72. — Total annual production tost for mperpower system for 1919, 19i6, and 19S0 — Continued. 







Annual operating cost. 






Annual production cost. 


O«0gT»phic division. 


Fuel. 


Labor, main- 
tenance, and 
soppliee. 


ToUl. 


Perkiio- 
watt-hour. 


Annual fixed 
charges. 


Total. 


Per kilo- 
watt-hour. 


ItSt— Continued. 

Metropolitan: 

Steam-electnc plants — 
Present 


115, 763, 000 
21, 300, 000 


$5, 992, 000 
3,955,000 


121, 755, 000 
25, 255, 000 


10.0096 
.0047 


$20, 657, 000 
16, 485, 000 


142, 412, 000 
o 41, 740, 000 


10. 0186 


New 


.0076 








37, 063, 000 


9, 947, 000 


47,010,000 


.0064 


37, 142. 000 


84, 152, 000 


.0103 


Hydroelectric plants — 
Present 




67,000 
650,000 


67,000 
650,000 


.003 
.0005 


370,000 
6,800,000 


437,000 
7,450,000 


.0198 


New. ................ 




.0060 












717,000 


717, 000 


.0005 


7, 170, 000 


7, 887, 000 


.0062 








All plants 


37, 063, 000 


10, 664, 000 


47, 727, 000 


.0055 


44, 312, 000 


92, 039, 000 


.0094 










Anthracite: 

Steam-electric plants — 
Present 


3, 046, 000 
5, 948, 000 


1,006,000 
1, 892, 000 


4, 052, 000 
7,840,000 


1 

1 

. 0075 3, 614, 000 
. 0031 6, 855, 000 


7, 666, 000 
<> 14,695, 000 


. 0143 


New 


.0057 








8, 994, 000 


2,898,000 


11, 892, 000 


. 0036 10, 469. 000 


22, 361, 000 


.0067 


Hydroelectric plants — 
Present 




64,000 


64,000 


1 
.004 183,000 


247,000 


.0155 


New 














1 








64,000 


64,000 


.004 1 183,000 


247,000 


.0155 








All plants 


8. 994, 000 


2, 962, 000 


11,956,000 


.0036 


10, 652, 000 


22, 608, 000 


.0067 










Southern: 

Steam-electric plants — 
Present 


4, 979, 000 
20, 670, 000 


1,481,000 
4, 310, 000 


6, 460, 000 
24, 980, 000 


.0112 


12. 662. 000 


19, 122, 000 
42, 745, 000 


.0331 


New 


.0040 17,765,000 


.0069 








25, 649, 000 


5, 791, 000 


31,440,000 


.0046 ! 30,427,000 


61, 867, 000 


.0091 


Hydroelectric plants — 
Present 




340,000 
625,000 


340,000 
625,000 


.0006 3.475.000 


3, 815, 000 
7, 151, 000 


.0070 


New 




.0003 


6,526^000 


.0033 
















965,000 


965.000 


.0004 


10,001,000 


10, 966, 000 


.0040 








All pUnts 


25. 649, 000 


6, 756, 000 


32, 405, 000 


.0034 


40, 428, 000 


72, 833, 000 


.0077 






Superpower system: 

Steam-electric plants- 
Present 


30, 136, 000 
77, 958, 000 


12. 485, 000 
15, 892, 000 


42,621,000 
93, 850, 000 


.0106 
.0044 


52, 620, 000 
68,835,000 


95,241,000 
162, 685, 000 


.0238 


New 


.0076 




108,094,000 


28, 377, 000 


136, 471, 000 


.0054 


121, 455, 000 


257, 926, 000 


.0102 


Hydroelectric plants — 
Present 




1,743,000 
1, 905, 000 


1, 743, 000 
1, 905, 000 


.0011 

.ooai 


12, 686, 000 
22, 076, 000 


14, 429, 000 
23, 981, 000 


.0094 


New 




.0047 












3, 648, 000 


3, 648. 000 


.0006 


34, 762, 000 


38, 410, 000 


.0058 








All plants 


108. 094, 000 


32, 028, 000 


140. 119, 000 


.0044 


156, 217, 000 


296, 336, 000 


.0093 



■ Includes a portion of the annual production cost of the Pittston plant. 
63361"— 21 ^12 



176 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 
Table 73. — Annual cost of transmiinon system for superpower systenij 1919, 19i5, and 19S0, 



Qeognphic division. 


OiMratlng. 


Fixed charges. 


Total. 


1919. 

Eastern New Enfi;land: 

TranFmiflwinn Hne« ,^^-,-^-, ,,..,,,.,.. 


$37,000 
123,000 


$678,000 
684,000 


S615 ODD 


8UbfftfttiOnBl. Xr T T T.T»rT.,.T,-,,,T.. 


707 000 




■ 




160,000 


1, 162, 000 


1, 322, 000 


Western New England: 

Tranamimriofi IJneB r - , ^-^-.-.^, -.,...-,-., 


60,000 
51,000 


887,000 
304,000 


937,000 
356,000 


8iihfltationA. ..t,tt ,.^. ,.,-,,,.. ..,,,..., , 






101,000 


1, 191, 000 


1, 292, 000 


Mohawk-Hudflon : 

Trammniflpion liT»e« ,-.-,-,-.•---,-,_.-......, 


48,000 
87,000 


866.000 
604,000 


903,000 
691,000 


Substations 






136,000 


1.359,000 


1, 494, 000 


Metropolitan: 

Transmiflsion lines , , ^ , . ^ . ^ . . , . 


76,000 
284,000 


1, 870, 000 
1, 760, 000 


1 945 000 


Substations, t.,- r ..r 


2,044,000 






369,000 


3, 630, 000 


3. 989. 000 


Anthracite: 

Transmission lines 


49,000 
114,000 


608,000 
620,000 


657,000 
634 000 


Substations 




\>*n.^ vw 




163,000 


1, 028, 000 


1,191,000 


Southern: 

Transmission lines 


221,000 
181,000 


2, 100, 000 
987,000 


2 321 000 


Substations 


1,168,000 






402,000 


3, 087, 000 


3,489,000 


Superpower system: 

Transmi^w^oTi linps 


480,000 
840,000 


6, 798, 000 
4, 669, 000 


7, 278, 000 
5 499 000 


Substations 




*/« ^cfv, VW 




1, 320, 000 


11, 467, 000 


12, 777, 000 


1995. 

Eastern New England: 

Transmiwrion Htiah , , , . . 


48,000 
186,000 


725,000 
816,000 


773,000 
1, 002, 000 


Substations 






234,000 


1,641,000 


1,776,000 


Western New England: 

TrB.nRmiflfrinn lines .•. 


49,000 
133,000 


888,000 
685,000 


937,000 
718,000 


Substations r . . . 






182,000 


1,473,000 


1,655,000 


Mohawk-Hudson: 

Transmi(pri"n lineji 


48,000 
104,000 


855, 000 
616,000 


903,000 
620 000 


Substations 




*J«*V« wv 




152,000 


1, 371, 000 


1,523.000 


Metropolitan: 

Transmission lines 


75,000 
347,000 


1, 870. 000 
1, 990, 000 


1,945.000 
2. 337, 000 


Substations 






422,000 


3. 860, 000 


4. 282. 000 


Anthracite: 

Transmission lines 


19,000 
150,000 


673,000 
665,000 


592 000 


Substations 


815,000 






169,000 


1,238,000 


1, 407, 000 



PERFOBMANCE AITD COST OF STJPEBPOWES SYSTEM. 



177 



Table 73. — Annual eo$t of trannniuion tyatenfor ntperpawer syitem, 1919, 19t5, and 19S(^ — Continued. 



Southern: 

TmnamiflBion lines. 
Substations 



Superpower B)rBtem: 
TransmisBion lines. 
Substations 



Eastern New England: 
Transmission lines. 
Substations 



Western New England: 
Transmission lines. 
Substations 



Mohawk-Hudson : 

Transmission lines . 
Substations 



Metropolitan: 

Transmission lines. 
Substations 



Anthrarite: 

Transmission lines. 
Substations 



Southern: 

Transmission lines. 
Substations 



Oeographlc diyision. 



IMS — Continued. 



19M. 



Operating. 



1221, 000 
189,000 



Fixed charges. 



|2, 100, 000 
1, 242, 000 



410,000 3,342,000 



460,000 ' 7,011,000 
1, 109, 000 I 5, 814, 000 



1, 569, 000 



48,000 
194,000 



12, 825, 000 



725,000 
915,000 



242,000 I 1,640,000 



78,000 
173,000 



1,660,000 
896,000 



251, 000 2, 556, 000 



132,000 
130,000 



1, 110, 000 
700,000 



262, 000 1, 810, 000 



80,000 
426,000 



2, 010, 000 
2, 335, 000 



506,000 4,345,000 



24,000 
174,000 



198,000 



167,000 
253,000 



420,000 



Sux)erpower zone: 

Transmission lines 529, 000 

Substations : 1,348,000 



603,000 
762,000 



1, 365, 000 



2,300,000 
1,440,000 



3, 740, 000 



8,408,000 
7, 050, 000 



1,877,000 i 15,458,000 



ToUl. 



12, 321, 000 
1,431,000 



3, 752, 000 



7, 471, 000 
6, 923, 000 



14, 394, 000 



773,000 
1, 109, 000 



1, 882, 000 



1, 738, 000 
1,069,000 



2,807,000 



1, 242, 000 
830,000 



2, 072, 000 



2,090,000 
2, 761, 000 



4, 851, 000 



627,000 
936.000 



1, 563, 000 



2, 467, 000 
1, 693, 000 



4, 160, 000 



8, 937, 000 
8, 398, 000 



17, 335, 000 
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Table 74. — Anniuil co$t of delivered power for the tuperpower ty^iem, 1919, 19t6^ and 19S0, 



% 


Operatinf 


(cost. 


Fixed 
charges. 


General 
expense. 


Cost of delivered power. 


Geographic division. 


Total. 


PerkUo- 
watt-hour. 


ToUl. 


Per kilo- 
tfiratt-hour. 


1919. 

Eastern New England: 

Coet of power produced 


$17, 445, 000 





$20, 742, 000 



$1, 333, 000 



$39, 520, 000 





Debit or credit to othpr divifdonfl 












Net cost 


17, 445, 000 


$0.0058 


20, 742, 000 


1,333,000 


39, 520, 000 


$0. 0131 






Western New England: 

Cost of power produced . . . 


7,558,000 



• 


13, 537, 000 



740,000 



21, 835, 000 





Debit or credit to other diviflions 












Net cost 


7, 558, 000 


.0045 


13, 537, 000 


740,000 


. 21, 835, 000 


.0131 






Mohawk-Hudson : 

Cost of power produced. 


4,085,000 
+540,000 




12, 264, 000 
+560,000 


572,000 
+60,000 


16, 921, 000 
+1,160,000 




Debit or credit to other diviflionfi 












Net cost 


4, 625, 000 


.0035 


12, 824, 000 


632,000 


18, 081, 000 


.0137 








Metropolitan: 

Cost of power produced. . 


31, 169, 000 
-540,000 




35, 017, 000 
-560,000 


2, 320, 000 
-60,000 


68,506,000 
-1.160.000 




Debit or credit to other divisions 










^w, -^-v^ 1 _j , 




Net cost 


30, 629, 000 


.0055 


34, 457, 000 


2,260,000 67.346.000 


.0120 






' 




Anthracite: 

Cost of power produced 


9, 515, 000 
+3, 000, 000 


# 


10, 105, 000 
+3, 200, 000 


687,000 
+470,000 


20,307,000 
+6, 670, 000 




Debit or credit to other divisiona 












Net cost 


12, 515, 000 


.0042 


13, 305, 000 


1, 157, 000 


26, 977, 000 


.0090 






Southern: 

Coet of power produced 


16, 872, 000 
-3, 000, 000 




31, 504, 090 
-3, 200, 000 


1, 690, 000 
-470, 000 


50,066,000 
-6, 670, 000 




Debit or credit to other divifdona 












Net cost 


13, 872, 000 


.0029 28.304.000 


1,220,000 


43,396,000 ' .0093 






' 




Superpower system 


86,644,000 


.0045 


123, 169, 000 


7, 342, 000 


217, 155, 000 ' . 0113 






1925. 

Eastern New England: 

Cost of power produced 


22, 470, 000 





22, 661, 000 



1,580,000 



46,711,000 


* • • • • • 


Debit or credit to other divisions. . 















Net cost 


22, 470, 000 


.0065 


22, 661, 000 


1,580,000 


46, 711, 000 , . 0135 






Western New England: 

Cost of power produced 


9,391,000 
+680,000 




14, 327, 000 
+710, 000 


830,000 
+25,000 


24, 548, 000 
+1,415,000 




Debit or credit to other divisions 












Net cost 


10, 071, 000 


.0053 


15, 037, 000 


855,000 


25,963,000 .0136 






Mohawk-H udson : 

Cost of power produced 


6,604,000 
+190,000 




12, 957, 000 
+210, 000 


685,000 
+15,000 


20,246,000 
+415, 000 




Debit or rredit to other divisions 












Net cost 


6, 794, 000 


.0038 


13, 167, 000 


700,000 


20,661,000 .0117 






Metropolitan: 

Cost of power produced 


41,591,000 
-870, 000 




38, 297, 000 
-910, 000 


2,800,000 
-40,000 


82, 688, 000 
-1,820,000 




Debit or credit to other divif^ions 












Net cost 


40, 721, 000 


.0059 


37, 387, 000 


2, 760, 000 


80,868,000 .0117 






Anthracite: 

Cost of Tx>wer produced 


9, 566, 000 
+960,000 




9, 745, 000 
+980.000 


677,000 
+165, 000 


19, 988, 000 
+2, 105, 000 


• •••••• •« 


Dphit or rrpdit to other ill visions 














Net cost 


10, 526, 000 


.0040 


10, 725, 000 


842,000 


22,093,000 1 .0085 






f 

1 
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Table 74. — Annual coat of delivered power for the ntperpower system, 1919 , 1925, and i WO— Continued. 



• 


Operating cost. 


Fixed 
cbargw. 


General 
expense. 


Cost or delivered power. 


Oeographtc division. 


Total. 


PtfUlo- 
watt-hour. 


ToUl. 


PerUlo- 
watt-hour. 


IMS — Continued. 
Southern: 

Cost of Dower nroduced 


125,045,000 
-960,000 




135, 934, 000 
-980,000 


$2, 135, 000 
-165,000 


163, 114, 000 
-2, 105, 000 




Debit or credit to other divisionfl 






Net coet 


24,085,000 


$0.0038 


34, 954, 000 


1, 970, 000 


61,009,000 


$0.0098 






Superpower svBteni 


114, 667, 000 


.0050 


133, 931, 000 


8, 707, 000 


257. 305, 000 


.0112 






19S0. 

Eastern New England: 

Cost of power produced 


30, 152, 000 





29, 325, 000 



2,081,000 



61, 558, 000 





Debit or credit to other divisions 






Net coet 


30, 152, 000 


.0063 


29, 325, 000 


2,081,000 


61,558,000 


.0129 






Western New England: 

Coet of power produced 


10, 170, 000 
+863,000 




19, 536, 000 
+870, 000 


1,038,000 
+62,000 


30, 744, 000 
+1,795,000 




Debit or credit to other divisions 




........ 


Net coet 


11,033,000 .0045 


20,406,000 


1, 100, 000 


32, 539, 000 


.0131 






Mohawk-Hudson : 

Cost of power produced 


8,464,000 
+257,000 




17, 970, 000 
+260,000 


890,000 
+18,000 


27, 324, 000 
+535,000 




Debit or credit to other divisions 












Net coet 


8, 721, 000 


.0035 


18, 230, 000 


908,000 


27, 859, 000 


.0110 






Metropolitan: 

Coet of power produced 


48,233,000 
-1,120,000 




48, 657, 000 
-1,130,000 


3, 390, 000 
-80,000 


100, 280, 000 
-2,330,000 




Debit or credit to other divisions 






Net coet 


47,113,000 


.0054 


47, 527, 000 


3, 310, 000 


97, 950, 000 


.0111 






Anthracite: 

Coet of power produced 


12, 154, 000 




12, 017, 000 
+2, 950, 000 


846,000 
+120,000 


25, 017, 000 
+5, 230, 000 


-^ 


Debit or credit to other divisions 


+2, 160, 000 






Net cost 


14, 314, 000 


.0040 


14, 967, 000 


966,000 


30, 247, 000 


.0084 






Southern: 

Coet of power produced 


32, 825, 000 
-2,160,000 




44,168,000 
-2,950,000 


2, 690, 000 
-120,000 


79, 683, 000 
-5,230,000 




Debit or credit to other divisions 






Net cost 


30, 665, 000 


.0036 


41, 218, 000 


2, 570, 000 


74, 453, 000 


.0087 






Superpower svBteni 


141, 998, 000 nrviA 


171,673,000 


10, 935, 000 


324, 606, 000 


.0106 











COST OF POWER DELIVERED TO THE LOAD CENTERS FROM THE NEW 
POWER PLANTS AND THE TRANSMISSION SYSTEM OF THE SUPER- 
POWER SYSTEM. 

The superpower system as analyzed in the preceding sections comprises two distinct 
elements — (1) the present power plants incorporated into the system and (2) the new power . 
plants and the transmission system- The amount of new power-plant capacity required is 
as follows : 

Table 75. — New power-plant capacity for superpower system, in kilowatts. 



Eastern New England. 
Western New England. 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 



Geographic dirision. 



1919 



350,000 
320,000 
280,000 
423,000 
450,000 
695,000 



Superpower zone , 2, 528, 000 



1925 



450,000 
350,000 
340,000 
573,000 
450,000 
935,000 



1930 



810,000 
555,000 
510,000 

1, 100, 000 
600,000 

1,405,000 



3,098,000 I 4,980,000 
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The investment cost for the new facilities given in Table 76 is 52.2 per cent of the total 
investment cost for the superpower system in 1925 and 62.5 per cent of the total in 1930. 

The cost of power delivered to the load centers from the new facilities of the superpower 
system is shown by Table 77 to be 54.3 per cent of the total cost for the superpower system in 
1925 and 65 per cent of the total in 1930. 

The present power plants proposed for incorporation in the superpower system will be a 
very important factor in the earlier stages of its being. Although theoretically power could 
be generated more cheaply and a greater amount of coal could be conserved by abandoning 
practically every steam-electric power plant now located within the zone, this procedure is 
not desirable, practicable, or financially possible. 

If the power plants retained are operated by the utilities as set forth on pages 157-161, the 
average cost of power purchased from the new facilities of the superpower system would be 
$0.0084 per kilowatt-hour measured at the receiving busses of the electric utilities at the load 
centers. -To obtain this result, however, it is essential that all power plants within the zone 
be so operated that the resulting cost to all concerned will be the lowest. This end can be 
accomplished only by the operation of the older, less efficient plants for peak load and by the 
operation of the new, highly efficient plants for base load at high capacity factors. 

Table 76. — Investment cost for new power plants and transmission system of the superpower system, 1919, 1925, and 1930^ 

in thousands of dollars. 



1 

■Eastern New 
England. 


Western New 
England. 


Mohawk- 
Hnd.wn. 


Metropoli- 
tan. 


Anthracite. 


Soathem. 


cone. 


1919. 

New plants 


41,100 

7,787 


38,890 
8,245 


41,044 
9,257 


a 69, 270 
24,300 


033,000 

6,888 


83,035 
21, 192 


306,339 


TrATlRrniminn nystem T . 


77,669 






Debit or credit to other divisions 


48,887 


47,135 


50,301 
-3,800 


93, 570 
+3,800 


39,888 
+2,655 


104,227 
-2,655 


384.008 










Net investment 


48,887 


47,135 


46,501 


97,370 


42,543 


101, 572 


384,008 






ItUL 

New plants 


50,700 
10,288 


42,100 
10,001 


46, 974 
9,334 


088,400 
25,781 


029,420 
8,248 


109,120 

22,777 


366,714 


Transmiwion syptem - . , , t . 


86,429 






Debit or credit to other divisions 


60,988 


52, 101 
+5,980 


56,306 
-780 


114, 181 
-5,200 


37,668 
+1,435 


131, 897 
-1,435 


453,143 








Net investment 


60,988 


58,081 


55,528 


108,981 


39,103 


130,462 


453.143 






19S0. 

New plants 


91,750 
10, 916 


71,280 
17,452 


77,545 

12,327 

• 


154,600 
28,975 


042,800 
9,075 


151,050 
25,448 


589,025 


Transmissinn Rv^tewi . 


104,193 






Debit or credit to other divisions 


102,666 


88, 732 
+7,800 


89, 872 
-480 


183, 575 
-7,320 


51, 875 
+18,340 


176, 498 
-18,340 


693, 218 








Net investment 


102,666 

1 


96,532 


89, 392 


176,255 


70, 215 


158,158 


693, 218 





a Includes a part of the investment in the Plttston plant. 
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Tablk 77. — Cost of power ddiveredfrom new power plants and tranrmusion system of superpower tystemfor 1919, 19 f 5, 

and 1930. 





Eastern New 
England. 


Western New 
England. 


Mohawk- 
Hudson. 


Metropoli- 
tan. 


Anthracite. 


Southern. 


Superpower 
tone. 


1919. 

Power ^millions of kUowatt-houra): 

Delivered to division 


3,016 
785 


1,671 
417 


1,313 
381 


5,590 
2,982 


3,005 
553 


4,669 
1,121 


19,264 


Generated b v old plants 


6,239 




1 




Delivered from new facilities 


2,231 


1,254 


932 


2,608 


2,452 


3,548 


13, 025 


Annual cost (thousands of doUars) : 

Production cost, new plants 

Tran«TPiwn«n c<^t 


16,690 

1,322 

630 


11, 167 

1,292 

438 


8,985 

1,494 

358 


« 18, 210 
3,989 

782 


o 10, 810 

1,191 

420 


22, 659 

3,489 

915 


88,521 
12, 777 


General expense 


3,543 






Debit or credit to other divisions. . . 


18,642 


12, 897 


10,837 
+1,160 


22, 981 
-1, 160 


12, 421 
+6, 670 


27,063 
-6,670 


104,841 










Total cost of power delivered 
from new facilities 


18,642 
10.0084 


12, 897 
$0. 0103 


11, 997 
$0. 0129 


21, 821 
20.0084 


19,091 
$0.0078 


20,393 
$0.0057 


104,841 


Cost per kilowatt-hour 


$0.0080 








Power (millions of kUowatt-hours): 

Delivered to division 


3,458 
785. 


1,909 
417 


1,767 
381 


6,903 
2,982 


2,600 
553 


6,233 
1,121 


22, 870 


Generated by old plants 


6, 239 






Delivered from new facilities 


2,673 


1,492 


1,386 


3,921 


2,047 


5,112 


16,631 


Annual cost (thousands of dollars): 

Production cost, new plants 

Traufiniintion c^t 


22,385 

1,775 
845 


13,249 

1,655 

522 


12,381 

1,523 

487 


28,369 
4,282 
1,140 


09,991 

1,407 

398 


34,290 
3, 752 
1,330 


120,665 
14, 394 


General expense 


4,722 






Debit or credit to other divisions 


25,005 


15, 426 
+1,405 


14, 391 
+415 


33, 791 
-1,820 


11,796 
+2,105 


39, 372 
-2,105 


139, 781 








Total cost of power delivered 
from new facilities 


25,005 
10.0093 


16,831 
10. 0113 


14,806 
$0.0107 


31, 971 
10.0082 


13,901 
$0.0068 


37, 267 
$0.0073 


139, 781 


Cost per kilowatt-hour 


$0.0084 






itm. 

Power ^millions of kilowatt-houTB): 
Delivered to division 


4,755 
797 


2,477 
417 


• 

2,526 
361 


8,781 
2,296 


3,606 
553 


3,567 
1,121 


30, 712 


Generated by old plants 


5,547 






Delivered from new facilities 


3,958 


2,060 


2,165 6,485 


3,053 


7,446 


25,165 


Annual cost (thousands of dollars): 

Production cost, new plants 

Transmission c"st , 


36,360 
1,882 
1,330 


18,085 

2,807 

795 


18,440 

2,072 

735 


o 49, 190 
4,851 
1,835 


14, 695 

a, 563 

755 


49,896 
4,160 
1,700 


186, 666 
17,335 


General expense 


7,150 






Debit or credit to other divisions 


39, 572 


21,687 
+1, 795 


21, 247 
+535 


55,876 
-2,330 


17, 013 
+5,230 


55, 756 
-5,230 


211, 151 








Total cost of power delivered 
from new facilities 


39, 572 
10.0100 


23,482 
$0. 0114 


21, 782 
$0. 0101 


53,546 
10.0083 


22,243 
$0.0073 


50,526 
$0.0068 


211, 151 


Cost per kilowatt-hour 


$0.0084 







a Indudes a part of the annual production cost of the Pittston plant. 



APPENDIX F. 

STEAM-ELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM, 



By Henry Flood, jr., and others of the engineering staff. 



EXISTING PLANTS TO BE RETAINED. 

CAPACITY AND PBBFOBMANCE. 

The principal factor in determining whether or not a given plant shall be incorporated 
in the superpower system is fuel performance. Other factors, however, are strategic location 
for regulation of voltage and the adaptability of the plant to expansion. The total effective 
capacity to be retained, as shown by Table 78, is 79 per cent of the total effective capacity of 
the steam-electric plants on December 31, 1919. 

Table 78. — Capacity and performance in 1919 of steam-electric plants to he retained in the superpower system. 



Division. 



Bituminous coal plants: 
Eastern New England. 
Western New England 

Mohawk 

Hudson.. 

Metropolitan 

Anthracite 

Southern 



Effective 

capacity 

(kilowatts). 



514, 580 

171,800 

31,750 

14,000 

1, 130, 500 

48,000 

632,800 



Output 

(millions of 

kiiowatt- 

hours). 



1, 290. 4 

294.4 

21.1 

33.1 

3, 474. 1 

164.3 

2,141.3 



Fuel used 
(thousands 

of short 

tons). 



1, 318. 5 

330.8 

52.0 

45.5 

3, 734. 

234.9 

1, 887. 9 



2, 543, 430 ; 7, 418. 7 



Anthracite j)lants: 

Anthracite 

Southern 



111,500 
21,700 



480.2 
22.0 



Grand total 



133, 200 



502.2 



2, 676, 630 



7, 920. 9 



7, 603. 6 



979.5 
44.3 



1, 023. 8 



8, 627. 4 



Effect! vo 
capacity 

factor 
(per cent). 



28.6 
19.5 
7.6 
26.8 
35.0 
39.2 
38.6 



Coal used per 

kilowatts vtsar 

of effective 

capacity 

(short tons). 



2.56 
1.93 
1.64 
3.25 
3.30 
4.90 
2.98 



33.2 



29.1 
11.5 



2.90 



8.78 
2.04 



42.8 



7.68 



33.8 



3.23 



Figm'e 26 shows the estimated average fuel performance dm^ing 1919 of plants using anthra- 
cite and bituminous coal. The plants to be retained that burn bituminous coal are those that 
use not over 50 per cent more than the plants of type B-3 (see p. 185) and those to be retained 
that bum anthracite are those that use not over 125 per cent more coal than the plants of type 
A-3 (seep. 185). 

esthcatbd investment cost. 

In 1919 there were in operation in the superpower zone 400 steam-electric public-utility 
plants. Most of these plants were built so long ago that their cost can not readily be estimated. 
A knowledge of the investment made in existing plants is required for the purpose of com- 
puting the fixed charges and the total cost of energy. In comparing the total cost of power 
produced under a superpower system with the cost of that produced under independent operation 
the investment cost for each element of both systems must be computed in the same manner. 
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Figure 27 shows the estimated unit 
] for excess generator capacity. Many 
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inyestment cost required for effective plant capacity 
of the existing plants have insufficient boiler capacity 
for the entire prime-mover installation, so diat 
it is necessary to estimate the cost of excess 
generator capacity. These estimates are the 
result of an examination in detail of the items 
of cost of plants having capacities between 500 
and 175,000 kilowatts. To insure the use of 
fair cost values authorities on this subject 
have been consulted freely. 

The estimated cost of constructing, in mid- 
year of 1919, the steam-electric plants to be 
retuned in the superpower syst<an is as follows : 

EasWm New En^and $66,235,000 

WeBtem New England 24,650,000 

Mttawk 6,030,000 

Hudson 2,170,000 

MetropoUtan 129,105,000 

Anthracite 22,586,000 

Southern 79,543,000 

Superpower £one 329,219,000 
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ANNUAL EFFECTIVE CARWlfTY FACTOR 
FioDmi 26.— Avenge pcrfbrmuice Dteiisllngsteui^^ectrla plaotg t 
retained Iji the lupfrpov^r systein. 



be nousi 37.— EgtliiiBted ui 



ESTIMATED AmruAL PBODUCTION COST. 

The fixed charges for the plants to be retained, computed at 16 per cent of the investment 
cost given above, are stated below. (See also Appendix L.) The cost in 1919 for maintenance, 
labor, and supplies has been used, and the cost of coal as given in Appendix J. 

Eastern New England 110,606,000 

Western New England 3,928,000 

Mohawk 805,000 

Hudson 348,000 

Metropolitan 20,657,000 

Figures 28 and 29 give the average production cost of all existing steam-electric plants to 
be retained in the superpower system, and in Table 79 the operating cost, fixed charges, and 
total production costs of these plants are compared to the estimated annual cost of base-load 
steam-electric plants. 
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FtouKK 28.— Estimated avermge production and operating costs for ex> Fioure 29.— Estimated average cost of productifon and operation for a- 
isting steam-electric plants burning bituminous coal to be retained in isting steam-electric plants burning anthracite to be retained in soper- 
superpower system. Coal figured at $5.30 per short ton in bunkers. power system. Coal figured at 13 per long ton. 

Table 79. — CosUfor new and retained steam plants, at an annual capacity factor of 30 per centj in cents per kUawatt-hovr. 



Operating 
cost. 



Plants burning bituminous coal : I 

Existing plants retained 0.77 

Base-locui plants j .49 

Difference .28 

Plants burning anthracite : 

Existing plants retained 1.00 

Base-load plants .42 

Difference .58 
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NEW BASE-LOAD PLANTS. 
LOCATION, CHA&ACTBB, 8IZB, AND DBSION. 

The location of the new base-load steam-electric plants will be determined largdy br *Jy 
availability of condensing water and the convenience and cost of coal delivery and storap. 

Except as qualified by character of load and relation to existing hydroelectric and st^is- 
electric plants, the new plants will be operated at high annual capacity factors. To pn>^^ 
flexibility in design and cost the plants will be constructed in multiples of 30,000 kilontts izc 
may therefore use single-cylinder turbines of 30,000 kilowatts or multiple-cylinder 
60,000 kilowatts. 
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The maximum size of steam-electric station has been fixed at 360,000 kilowatts. This » 
limit has been detennined by considering on the one hand the ability to transmit enei^ away 
from the plant and on the other the hazard incident to the possibility of destruction through 
unusual catastrophe. 

It is desirable to standardize as far as may be possible all the units or elements that enter 
into the construction of a plant, such as boiler equipment, turbines, transformers, and switch 
gear, in order to reduce the cost of maintenance, to obviate the need of carrying many small 
parts, and thus, by making quick repairs possible, to insure continuity of service. 

After consultation with many representatives of manufacturers of equipment and with 
designing and operating engineers, the following basic operating requirements for base-load 
steam-electric plants have been selected : 

Steam pressure at turbine throttle, 300 pounds per square inch. 

Superheat at turbine throttle, 230'' F. 

Final temperature at turbine throttle, 652° F. 

Absolute pressure at turbine exhaust nozzle, 1 inch of mercury. 

These requirements have been thoroughly tried, and conformity with them should assure 
reliability of service. 

Base-load steam-electric plants are of two general types — type A, using anthracite, and type 
B, using bituminous coal. The two types in turn have been subdivided into three classes — 
class 1, stokers, boilers, economizers, and air preheaters; class 2, stokers, boilers, and econo- 
mizers; class 3, stokers and 20-tube high boilers. The stokers for type A are chain grate; those 
for type B are underfeed. The relative performance of these types, the relative investments, 
and the relative production costs are discussed in the following sections of this appendix. 

The load to be carried on these plants will not include sudden peaks of short duration. 
Such peaks as they will have to carry will be of long duration. Accordingly, a liberal boiler 
capacity has been planned for the turbines, ranging from about 4 kilowatts per boiler-horsepower 
for a plant of class 3 to about 4.65 kilowatts for a plant of class 1. The boiler plant can thus 
operate at a very high eflBciency over the entire range of load. Plants of class 1 can carry 
about 175 per cent of their rating at normal loads and 215 per cent on sustained peaks; plants of 
class 3 can carry about 160 per cent pn normal loads and 190 per cent on sustained peaks. The 
boiler and stoker arrangement is so planned, however, that 300 per cent rating can readily be 
obtained if necessary for peaks of short duration. Large combustion chambers are used, 
Si cubic feet per boiler-horsepower having been allowed. 

Should the burning of pulverized or process fuels become profitable in conjimction with the 
production of power, it will be possible to install the necessary apparatus with little expense, 
as this contingency has been considered in designing the boiler plant. 

With 30,000-kilowatt turbines surface condensers having approximately 50,000 square feet 
of surface will be used. This amount of surface may be varied at different localities because 
of local water conditions. Under average conditions of obtaining condensing water for the 
entire zone this amount of condenser capacity will be ample. 

Base-load stations will be located outside of congested centers of population. 

ESTIMATED PEBFOBMANOE. 

The estimated performance for base-load steam-electric plants is shown in Plate VIII for 
plants of types A-3, B-1, B-2, and B-3. 

It is not considered advisable to use pressures or temperatures higher than those indicated 
above, which are in successful use to-day, despite the fact that fuel economy may be increased 
by higher pressures and temperatures. 

The estimate of the performance of plants of type A was based upon the use of No. 3 buck- 
wheat coal having approximately the following characteristics: 



Moisture per cent. . 10. 8 

?- '• ' Volatile matter do 4.8 

• nU; Fixed carbon do 71. 6 

Ash do 13.8 

British thermal unite 11. 500 
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The estimate of the performance of plants of type B was based upon the use of coal from 
the central Pennsylvania fields having the following characteristics: 

Moisture per cent. . 2. 5 

Volatile matter do 24. 6 

Fixed carbon do 66. 

Aah do 7.0 

British thermal units 14, 100 
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CAPACITY IN THOUSANDS OF KILOWATTS 



The curves in Plate VIII show two performances, one called " acceptance test conditions, 
meaning the best possible performance that may be expected from the plant, and one called 

'' annual/' meaning the performance con- 
sidered throughout a year. The *' annual" 
performance was estimated according to actual 
operating conditions, under which the boiler- 
room equipment can not be kept clean enough 
to maintain test results, the turbines are 
lapped at about 75 to 80 per cent load to pro- 
tect service, the vacuum varies, inferior coal 
must be used at times, and the boilers are 

banked when necessary. These actual oper- 
FuuKB 30.— Estimated uidt investment cost of baae-ioadsteam^^^ ating Conditions have a large effect on 

plants burning anthracite. Based on prices prevailing in midyear of performance. It is planned tO Operate the 
1919. Type A-3, chain-grate stokers and boilers. T i j i x 'xu '£ j *! i j 

base-load plants with a uniform daily load 
by shifting the load swings either to the existing steam-electric plants or to such hydroelectric 
plants as may be found suitable for peak-load operation. On the assumption that the thermal 
efficiency will increase up to 1930 at the present rate the annual performance represented by 
these estimates is a fair average for expected performance between 1920 and 1930. 

UNIT INVESTMENT COST. 

The unit investment costs of plants of the several types considered in figures 30 and 31 
are based on the prices of material and labor in the midyear of 1919. These costs will provide 
sufficient land for a 360.000-kilowatt plant as 
well as for coal storage and a process coal 
plant. The main coal-handling system and 
the main intake and discharge tunnels are 
adapted to a plant having a minimum capac- 
ity of 180,000 kilowatts. Intake and dis- 
charge laterals will be added to each unit as 
turbines are installed. The cost of a 60,000- 
kilowatt plant therefore includes land suffi- 
cient for its development to 360,000 kilowatts 
and coal-handling facilities and main con- 
denser tunnels for its development to 180,000 
kilowatts. 

Table 80 shows the estimated cost of three sizes and four types of base-load plants, including 
the cost of superintendence, engineering, contingencies, and interest during construction. 




3B» 340 3S0 



CAPACITY IN THOUSANDS OF KILOWATTS 
FiouBB Sl.—Estlmated unit investment cost of basa-load steam-^Aectile 
plants burning bituminous coal. Based on prices pravailing in mid- 
year of 1919. Type B-1, underfeed stokers, boilers, eoonamisers, and 
preheaters: B-2, underfeed stokers, boilers, and eoooomiiers; B^ 
underfeed stokers and boQers. 



XJ, fi. 6t6t6Gl6AL 



fiLOlft^^OiiAL PAPER 123 PUITB THX 



>, 


k 








■v/^e 


A f! 


1 ^1 & k.i^> 


'" 


*"""" 




y 


I' 

< 


V 






1 1 


^1^ 1 








/ 


f 








■^ 












/ 


r 


< 


\ 






-=; 


M 












/ 


y 





/ 


^^/^s'- 




4^2 


|ia/ 








/ 




/ 


hi 

> 


I 


'^^^^. 








— . 





~7 


/ 


/ 






< 




^•^rtn^ 


I'O/tj 








^ - 


7*— 


— 








pen 


"Vovvp 


lit- ho 


<f;^^ 


/ 










A 


Qcept 


L..,,^ 








/ 


y 


/^ 






Ul 






f»'>c? 


STc 


^ondJi 


-• _U1- J 


^-~ 










o 












^ 


^A 






^4 












A^ 


^^ 


W 




















Sfcs 


r 










> 

.1 


s. 








^ 




^ 












t 










y<^ 


< 












1 

33 

y 








^_> 


® 


^V' 

^ 




















7^ 


JL/Jg> 


^nni 


gi 














y 


V 












— 


K 
UJ 






/y 


/^ 


/>^/De 


Ikilo 


vatt- 


hour 








^ 


5^ 


. ^ 












&. 
I 




/V 


<r \ 




Accf 


ptam 


JetS 













i' 


/ 


/ 








tconc 


'ftionj 


) 


O" 
























14. 
O 

in 


/ 














. 


_ 










1 1 1 1 i i 1 


1 


z 


























1 






1 i 1 1 

; , , 1 , 


^ i 



20 



30 



40 50 60 

ANNUAL CAPACITY FACTOR 



70 



T \ 1 1 

•TYPE B-2 PLANT 




40 50 60 

ANNUAL CAPACITY FACTOR 



24j 

< ^ 
2ft: 

CO lijo 

zx 

OK 

208" 

IP 
19 §1 



2.0 



1.9 a: 

UJ 

1.8-jD 

or 

1.7 u. t 

1.6 z 3 



1.5 



1.4 



80 



22 E 



>- 








1 


"YPE 


1 

: B- 


1 

1 Dl AM*r 


















1 "L. 


f^r^ 1 




















































































UJ 


\, 
























> 

H 5 
It 1 


■■^ 


^^^ 


























^^^^ 




















lU 

u. 


V 




^■^*- 


--^nua) 












IL. 
UJ 


\ 


f ^ 


\^^h tH„, 


mafi 







— 








u. 




^^**' 




- ■ -Vi* 


/^/ts 


n»r- 1^ 


• 1 




■""■"■ 




0£ ^ 






/^ 


ccep 





- '^"oivatt-holur 




y' 


^'^ 








^oce 


test '-^-'^ 


'■ - ■■ 


_ 


> 


^ 


1^ 


UJ 

> 














^^'laiziOris 




(i 




















/ 


^ 




< 


















^^^^>ik 






§3 

-1 














jvC 


\^i>^J^^- 


















;^:^:^ 








^ 


^===^ 










y 


^ 












Of 
UJ 


^*>.^ 






^ 


^. 


e§^ 










Q. 


s^^ 




^^"^ 


■ 5 


^ 


Rs-''^ 


Viol 












^^ 


s,,,^^ 




^ 


C: 


. 


al 


hour 




— = 




'^ 


*-^>< 






>^/pe/ifc./„L.*. 


u. 
o 




,y 


^X 


Sccej 




_- 


t con 






(0 


_v 


^^^ 








stance tes1 


ditions 




z 
o 


^ 


^ 






















1- 

1 


"^ 

























20 



20 



30 



40 50 60 

ANNUAL CAPACITY FACTOR 



70 



30 



40 50 60 

ANNUAL CAPACITY FACTOR 



70 



20 
19 
18 
17 

16 
15 



z 

< 



^-x 
xJ. 

Oq. 

z 
< 

3 

o 



1.4 
U 
1.2 
1.1 



1.0 



ao 



is 



>- 










TYP 


1 B- 


1 
3 PI 


1 

JKNT 


» 








^6 

< 










































< 


























o 


























UJ 


V 
























55 

UJ 


\, 


























\^ 






















u. 
u. 




f 


*^^»^ 




















UJ 


s. 


i 


Sr^V - 




..4'^'T'^ 


1 










y 


U. 

o 


V. 


C 


''^'' 'V 




=j - "%j 1 






— 




-> 


y 


%4. 

UJ 




^^ 


^'cr 


yriQ/ 


^nit^ 


n^kM 1 




■ 


y^ 


-^ 






A 


Of^r%..^ 






perK 


'owa^-houi 


[,y 


^y 


^ 


1 








^Ptance 


teat ('>«~-i J- - 




^ 


y 




1- 














'S/lfU|T 


tons 

> 




~"— 


ILOWA' 














\ 


-^^ 


f<^' 


















._w 




&:<3^ 


w^ 


















.^ 


s;^^' 










^ 


"\ 










te 


\^- 


' 










UJ 










-^^ 


^ 


k' 












Ql 






^"^ 


>^ 


J^\! 


cP^^ 


A .. 


















y 


y^ 




_ Annua/ 




% 








■^ 


^ 


^ 


^h^'perkrtowai 


thoui 






u. 




^ 


y 




^Xc? 


•7 J_[_ 1 


i3Sic 


ns 




-= 


(0 


./^ 


X 








^ptar* 


'wcxe 


St CO 


z 


^X 
























1 



























24^ 



23 
22 

21 
20 
19 
18 
17 



!^ 



flog 

cop: 

< 

3 
O 



1.5 
1-4 
1.3 
1.2 
1.1 



UJ, 



JO 

<z 

0.1 

01- 



£ 



ESTIMATED UNIT PERFORMANCE OF BASE-LOAD STEAM-ELECTRIC PLANTS. 



(FM»pilg«18a^) 



STEAM-ELECTRIC PUlNTS FOB THE SUPERPOWER SYSTEM. 



187 



Table 80. — Estimated unit investmerU per kilowatt of capacity for bate-load steamreleetrie planU in midyear ^ 1919, 



Type of plant and capacity in kilowatts. 



Type A-3: 
120,000 
240,000 
360,000 

TypeB-1: 
120,000 
240,000 
360,000 

TypeB-2: 
120,000 
240,000 
360,000 

Type B-3: 
120,000 
240,000 
360,000 



Real estate 
and sea- 
sonal coal 
storage. 



$3.00 
2.10 
1.80 

3.00 
2.10 
1.80 

3.00 
2.10 
1.80 

3.00 
2.10 
1.80 



BoOer 

house, 

complete. 


Turbine 

house, 

oomplete. 


Switching 

and 
feeders. 


$47.65 
44.34 
43.78 

50.10 
46.71 
46.13 

47.45 
44.06 
43.50 

44.75 
41.44 
40.88 


$57.20 
56.79 
55.00 

57.20 
56.79 
55.00 

57.20 
56.79 
55.00 

57.20 
56.79 
55.00 


$7.39 
7.37 
7.36 

7.39 
7.37 
7.36 

7.39 
7.37 
7.36 

7.39 
7.37 
7.36 



Total. 



$115. 24 
110.60 
107.94 

117. 69 
112. 89 
110. 29 

115.04 
110. 32 
107. 66 

112.34 
107. 70 
105.04 



TTKIT FBODUCTION COST. 

Unit production costs are subdivided into operating costs (fuel, maintenance, labor, and 
supplies) and fixed charges. The costs of maintenance, labor, and supplies for plants using 
bituminous and anthracite coal, as shown in figure 32, have been determined by detailed analyses 
of the operations of the largest steam-electric plants in the superpower zone. 

The total production cost varies with the type and size of plant and the cost of fuel. Typical 
costs are shown by the curves in figures 33 and 34 for types B--3 and A-3. The cost of bitu- 
minous coal has been fixed at $5.30 per short ton 
delivered to the plant bunkers, this being the ^ 
weighted cost for the zone in 1919. The cost of ^ so 
anthracite fpr plants type A-3 has been fixed at 3 
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FiouBB 32.— Estimated annual cost of maintenance, labor, and sup Fioubb 33.— Estimated annual production and operating costs for a plant 
plies for base-load steam-electric plants. Based on prices prevailing of type B-3, capacity 300,000 kilowatts. Fuel figured at S5.30 per short 
in 1019. ton in bunkers. 

$3 per long ton delivered to the plant bunkers, this being approximately the cost at the 
anthracite mines plus the freight charge. 

Greater fuel economy would be gained by installing plants of high efficiency, but such 
plants (of classes 1 and 2) cost more per unit, and unless the saving in operating cost is so great 
as to bring a large return on the additional investment their installation is not warranted. By 
taking a return of 30 per cent on the additional capital required for plants of classes 1 and 2 
over that required for plants of class 3 as the point where the installation of plants of classes 
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1 and 2 is justified, any notable change in conditions that may occur — such as a large reduc- 
tion in the cost of coal, the development of water power, or the development of much more 
efficient methods of power production — ^is largely discounted, for the additional investment will 
be counterbalanced in three or four years by the 30 per cent additional return on it. 
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ANNUAL CAPACITY FACTOR 

FioinuE 34.— Estimated annual production and operating costs for a 
plant of type A-3, capacity 300,000 kilowatts. Fuel figured at 13 
per long ton in bunkers. 
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FiauRE 35.-Condltions justifying the use of a plant of type B-1 or 
B-2 instead of a plant of type B-3. Based on a return of 30 per 
cent on the additional investment required. 



The adoption of plants of different types at different locations has been decided according 
to the curves in figure 35. The authorities on this subject are of two schools, one advocating 
a lesser return and the other a greater return than 30 per cent. Figure 35, based upon a 30 per 
cent return, expresses the average opinion of these two schools. 

liOCATION AT TIDEWATEB AND ON INLAND BIVBB8. 

The new base-load steam-electric plants for the superpower system have been so located 
as to obtain full advantage of low freight rates, available coal-delivery routes, and ample 
condensing water. 

Table 81. — Location and capacity of new base-load steam-electric plants. 



Using bituminous coal; 

Boston 

New Bedford 

Providence 

New Haven 

Hartford 

Utica 



Catskill... 
New York. 
Newark... 



Trenton 

Philadelphia. 
Harrisburg... 



Using anthracite: 

Sunbury 

Pittflton. . . - 
Nescopeck. . 



Grand total 



1925 



Num- 
ber of 
plants. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



11 



1 
1 
1 



Capedty 
(kUowatts). 



14 



270,000 



180,000 

210,000 

90,000 

60,000 

180,000 

300,000 

90,000 

90,000 

240,000 

120,000 



1, 830, 000 



Num- 
ber of 
plants. 



240,000 
300,000 
150,000 



690,000 



2, 520, 000 



2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 



15 



1 
1 
1 



18 



1930 



Capacity 
(kilowatts). 



460,000 
120,000 
240,000 
270,000 
120,000 
90,000 
270,000 
570,000 
180,000 
120,000 
420,000 
180.000 



3,030.000 



300,000 
300.000 
300,000 



900,000 



3, 930. 000 
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Reference to Appendix E (pp. 164-166) shows that the cost of coal per ton delivered to these 
proposed new base-load steam-electric plants is lower than to either the steam-electric plants 
retained or to the electric public utilities for 1919. 

The plant locations for 1930 are shown on Plate X (p. 220) with reference to the coal-mining 
districts, the available coal-deUverj routes, and the supply of condensing water. Their loca- 
tions with respect to the transmission system for both 1925 and 1930 are shown on Plates II 
and III (p. 14). 

For the Anthracite, MetropoUtan, and Southern divisions the capacities of the steam- 
electric power plants have been so determined as to obtain the most economical combination 
with the hydroelectric plants on Potomac, Susquehanna, and Delaware rivers. Furthermore, 
the diversity in demand existing between the Anthracite and the Southern and MetropoUtan 
divisions has been considered in determining the capacity of the plants to be installed. 

It would have been possible to supply the same amount of power from a smaller number 
of steam-electric plants having a capacity of about 300,000 kilowatts each, but in order to insure 
continuity of service the plants have been more widely distributed at a slight increase of cost. 
However, with such a distribution of plant capacity future demand can be partly met by the 
enlargement of these plants. 

The procedure to be adopted for the development of the hydroelectric resources of the 
zone has a very important bearing upon the amoimt of steam-electric capacity to be installed. 
For instance, in the Mohawk-Hudson division it is proposed to start the development of Hudson 
River on the assumption of a high load factor, steam-electric plants being used to carry the 
peak load. This plan calls for the early installation of a relatively large amount of new steam- 
electric capacity for that division. However, when power from St. Lawrence River is supplied 
to this division the economical procedure will be to continue the development of Hudson River 
to handle peak loads and to install practically no further steam-electric capacity until the ulti- 
mate limit of development of St. Lawrence and Hudson rivers has been reached. 

PLANTS IN TEB MININO BBOION8. 

The development of electric power within the coal regions is justified when the freight 
charges on the coal to the points of consumption are greater than the value of the electric 
energy lost in transmission plus the fixed and operating charges on the transmission system, 
allowance being made for the saving in capitalization on generating equipment that will be 
permitted by diversity in loads between the interconnected load centers. 

ANTHBACrrE FIELDS. 
BUS AVD QUALZTT OF AVTHBACrTB. 

Investigation shows that buckwheat Na 3 is the most economical size of anthracite for 
use on the stokers of superpower plants. The firing of powdered anthracite is being developed 
but has not yet been brought to the conmiercial stage. The quaUty of anthracite from dif- 
ferent mines varies, especially as to its ash content. Improved boiler efficiency justifies the 
cost of ash removal by washing down to a content of about 15 per cent. The performance 
of steam-electric plants using anthracite is based upon coal having the following analysis: 
Moisture 9.8 per cent, volatile matter 4.6 per cent, fixed carbon 71.6 per cent, ash 13.8 per cent, 
British thermal units 11,500. 

QXTAirrXTT OF AITTHBAOZTB AVAZX.ABIJB. 

Doubtless the peak of production of anthracite was reached during the World War, the 
output from the mines during that period being reinforced by washeries which reclaimed great 
quantities of the finer sizes of coal from culm banks. Most of the coal of size No. 3 has now 
been removed from the banks. There is no indication, however, that there will be any con- 
siderable falling oflF in the production of freshly mined coal for many years, and there is no 
reason for any appreciable change in the ratio of the smaller sizes to the total output. The 
statistics of the last few years are therefore a reliable indication of the quantity of buckwheat 



190 A SUPERPOWER SYSTEM FOR THE REGION BETWEEN BOSTON AND WASHINGTON. 



No. 3 available for many years. The table given below is taken from a report of the United 
States Geological Survey on the production of Pennsylvania anthracite in 1919, by F. O. Tryon, 
supplemented by data obtained from the Anthracite Bureau of Information. The figures in 
the last column are a close approximation of the total output of buckwheat No. 3, for although 
no complete records are available upon the size of the fuel used by the mines, data obtained 
from individual mines indicate that it is almost exclusively buckwheat No. 3. 

Tablb 82. — AnthraciU produced in 1916-1919, in long tons. 



Year. 



1916 
1917 
1918 
1919 



Totftl. 



78, 195, 083 
88, 939, 117 
88, 237, 526 
78, 653, 751 



Mine fad used 

for power and 

heating.* 



8, 715, 071 
9, 321, 965 
9, 128, 526 
8, 573, 580 



Mine ftiel used 
for power. 



7, 933, 120 
8, 432, 573 
8, 246, 151 
7, 787, 043 



Buckwheat 
No. 3 sold. 



3, 326, 879 
3, 136, 337 
5, 174, 403 
2, 377, 000 



Backwbeat 

Na3 
produoed.* 



11,259,999 
11,568,910 
13, 420, 554 
10, 164, 043 



a Probably ahnoet exclusively buckwheat No. 3. b Determined by aiwiiining that all the mine fuel used for power is buckwheat No. 3. 

Estimates of the future supply of buckwheat No. 3 will show some reduction from the above 
figures, which include coal from washeries. Tryon in the report cited above states that 
1,650,000 tons of freshly mined buckwheat No. 3 was sold and 7,721,545 tons of freshly mined 
fuel was used for mine operations in 1919. It is estimated that the annual production of this 
size for the next 10 years should average about 9,000,000 tons. 

If all the mines are electrified, the coal thus released will be sufidcient to serve all the demands 
for power at the mines and in addition to operate at their full capacity all the public-utility 
plants that now serve New York City, New Jersey, and the Philadelphia district. 

' P088ZBLB SZTS8 IN THX AVTHBACZTX &IOZOH. 

The following streams within the anthracite region have been investigated with reference 
to their suitability for supplying condensing water: Portions of Susquehanna, Schuylkill, Lack* 
awanna, and Lehigh rivers; Shamokin, Mahonoy, Mahan tango, Wiconisco, Wapwallowpen, 
Nescopeck, Catawissa, and Roaring creeks. All except the Susquehanna have been eliminated 
because of low flow, contamination, or both. Three sites on Susquehanna River are suggested— 
one north of Pittston, one near the mouth of Nescopeck Creek, and the third south of Simbury. 
At each of these points the water conditions are favorable for a 300,000-kilowatt plant. An 
adequate supply of suitable coal can be obtained within a radius of 25 miles. The length of 
haul is a minimum at Pittston. 

COST OS EinE&OT FBOM PLAHTB IX THB AVTHBACZTE BEOXOIT. 

Appendix E shows that by 1930 the total energy requirements of the Anthracite division 
should reach 3,606,000,000 kilowatt-hours, corresponding to a maximum demand of 785,000 
kilowatts. The total generating capacity of the public-utility companies now serving the 
division is 230,000 kilowatts. Minimum operating cost would be obtained by carrying the 
entire load from the superpower system, but in order to conserve capital the more efficient of 
the present plants will be retained. 

The sizes of the plants and their location in the Anthracite division, together with their 
relation if interconnected with Delaware River, are discussed in Appendix E. The combination 
of the plants in the coal-mining region with Delaware River shows the greatest economic possi- 
biUty to the Anthracite, Metropolitan, and Southern divisions. In view of the fact that the 
Anthracite division load reaches a maximum in the morning and falls off rapidly after 3 o'clock 
in the afternoon, there is considerable diversity between this load and the loads in adjacent 
territories. Furthermore, the anthracite mines operate on an average only 225 days in the year, 
30 there is further diversity between the mines. If there were an interconnected system between 
the Anthracite and the other divisions considerable off-peak capacity would be available in 
the Anthracite division for supplying power to the Metropolitan and Southern divisions. 
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BITUMINOnS COAL FIELDS. 
OXlTBRAL OOlTDITIOirB. 

On account of the adequate stream flow and the proxunity of the Anthracite division to 
the superpower zone, steam-electric power in that division is an economic possibility. These 
favorable conditions, however, do not prevail in the bituminous coal region, nor will the power 
requirement of the southern load centers by 1930 be sufficiently high to permit the economical 
transmission of power from the bituminous coal fields. « 

POB8IBLB BZTX8 ZV TBS BZTtlllZirOUB GOAL BBOZOir. 

Only three large streams flow from the eastern slope of the All^heny Moimtains — the 
West Branch of the Susquehanna, the Jimiata, and the Potomac. The highest point on Sus- 
quehanna River deserving consideration in this connection is at Keating, where Sinnemahoning 
Creek joins the river. This point is about 20 miles from the Clearfield district, the nearest 
locality at which an adequate supply of coal can be obtained. The flow at Keating derived 
from stream-flow records at Benovo indicates that the output during dry periods would be 
limited to less than 100,000 kilowatts. 

Below the jimction of the Frankstown and Raystown branches of Juniata River, near 
Huntingdon, the water supply is insufficient for a plant of a capacity exceeding 180,000 kilo- 
watts. At either Huntingdon or Mount Union railroad facilities are available for obtaining 
coal from the Broad Top field with a maximum haul of 30 miles, and the distance from Hunt- 
ingdon to the Philipsburg district is 45 mUes. 

The West Branch of Potomac River reaches the coal fields near Cumberland, Md. At 
this point the local power company has a steam plant whose ultimate capacity is limited by 
the supply of water to about 30,000 kilowatts. About 30 miles below Cumberland, near Green 
Spring, the South Branch adds a large volume of water, which will permit increasing the 
capacity to 180,000 kilowatts. 

A condition precedent for the economical transmission of power to tidewater is a capacity 
for delivered power of about 300,000 kilowatts, with transmission at a very high load factor. 
Sufficient condensing water is not available for the production of this amount of power on any 
of the streams in the eastern bituminous coal region. This fact, however, does not preclude the 
future development of power capacity with proper regulation of these rivers by storage. On 
Potomac River hydroelectric developments are contemplated at Great Falls, near Washington, 
which involve controlling the river flow by means of large reservoirs on the South Branch. 
When this plan is carried out the stream flow at the proposed site will be adequate for a 300,000- 
kilowatt steam plant. Coal for such a plant would come largely from the Georges Creek field, 
with an average haul of about 35 miles. 

Ultimately steam-electric power plants may be profitably developed at sites near the 
bituminous mines, especially after the electrification of railroads has been extended sufficiently 
to create considerable demand for power within economical transmission distances from these 
sites. 



APPENDIX G. 

HYDROELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM 



By L. E. Imlay, L. A. Whitsit, B. J. Peterson, and others of the engineering staff. 



THE USE OF HYDROELECTRIC PLANTS. 

The installation of hydroelectric plants is justified where the interest on the investment 
plus the cost of operation amounts to less than that for steam-electric plants, so that the eco- 
nomical proportions of water and steam development must depend upon the cost of money, 
coal, and labor. 

Hydroelectric plants can be classified as of three types, the type depending upon the 
character of the stream flow, namely: 

1. Uniform stream flow by which the output may be maintained for 24 hours a day. 

2. Variable stream flow without storage. A hydroelectric plant of this type is especially 
useful in a large interconnected system, but less so if it suppUes a single system, for then the 
economical use of water is most difficult, if not impossible. The flow curve of such a river is 
as clearly defined as the load curve of the power market, and evidently power must be wasted 
imless either the load curve of the market is coincident with the flow of the river or the market 
load is sufiiciently large to absorb the entire hourly output of the plant. It is obvious that 
the load of a large interconnected system can absorb the hourly output of a plant of this type. 

3. Variable stream flow with storage, which provides water for carrying peak loads. The 
maximum attainable load factor for the superpower system will probably be 50 per cent. 
With such a load factor 14 per cent of energy (in kilowatt-hours) will carry a 50 per cent peak 
load (in kilowatts). It is therefore apparent that the value of water storage will lie in the 
utilization of the stored kilowatt-hours for carrying peak load, inasmuch as, after the dam and 
head works of the hydroelectric plant have been installed, the investment in generator capacity 
is but half as much as that for a complete steam-electric plant. In other words, stored water 
should be held in reserve for peak load. 

POTENTLA.L HYDROELECTRIC DEVELOPMENTS. 

GBNEBAL CONSIDBBATIONS. 

The investigation of potential hydroelectric development is limited to the major hydro- 
electric resources of the superpower zone and to such outside sources of hydroelectric energy 
as may be reasonably expected to contribute to it. The principal rivers involved are the 
Potomac, Susquehanna, Delaware, Hudson, Black, Raquette, Connecticut, St. Lawrence, and 
Niagara. (See PI. IX.) The Niagara at Niagara Falls contains the largest single potential 
hydroelectric power development on the North American continent. It is within transmission 
distance of the superpower zone, but its development beyond what is already provided for is 
prevented for an indefinite time by international treaty. All the power resources of the zone 
are not included in these studies, those below 5,000 kilowatts in capacity being disregarded 
except where contiguoiis sites of smaller capacity aggregate more than that amount. These 
small powers will be developed as local conditions warrant, and the plants will be connected to 
the superpower system through the facilities of the electric public-utility companies. The 
superpower system will permit the earlier construction of the smaller plants by providing a 
market for energy not required locally. 

192 
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The following table gives a general idea of the characteristics that affect the availability 
of the rivers for power: 

Table 83. — CharacUrutics ofriverg that mayfumith power in the superpower zofne. 



RiYsr. 



Potomac 

Suflquehanna. 

Delaware 

Hudson 

Raquette 

Connecticut. . 
St. Lawrence. 
Niagara 



Point of record. 



Great Falls a. 
HarriBbui]^.. 
Port Jervia.. 
Spier Falls. . 
Piercefield . . 
Sunderland. 
Lock 23 



Natural 

mn-oflfiO 

per cent of 

the time 

In year 
of average 

stream 
flow 

(second- 
feet). 



Lowest 
recorded 
daily 
run-off 
(second- 
feet). 



6,600 

19,500 

3,100 

3,000 

900 

8,160 

235,000 

212,000 



660 

2,000 

175 

« 1, 330 

e 182, 000 

170,000 



Possible 

contiUiaoas 

remlated 

flow In 

average 

year 

(second- 

feet). 



7,650 



4,600 
4,200 
1,430 



Total 
drainage 

area 
(square 
miles). 



11,500 

24,100 

3,100 

2,800 

723 

8,000 

285,000 

254,700 



Fall avail- 
able for 
power de- 
velopmeoit 
(feet). 



215 

220 

600 

1,500 

1,360 

«378 

85 

310 



a Flow at Great Falls determined from records of flow of Potomac River at Point of Rocks, Hd., and Konocacy River near Frederick, Kd. 

* Stream flow affected by operation of power plant. 

c Mean of low week September, 18M, determined from records of flow at Holyoke. Flow somewhat affected by "*<«*'"g plants. 
4 Net bead used in repwt. 

• Mean for January, 1808. 

All these streams except the St. Lawrence and Niagara rise in the Appalachian Mountains 
The fall indicated as available for power development in most of the rivers is but a small fraction 
of the total fall. The developments proposed are practical. 

The following table indicates the hydroelectric power resources that are considered econom- 
ical for supplying the energy requirements of the superpower zone in 1930: 

Table 84. — Hydroelectric power reiourcesfor 19S0, 



River. 



Potomac 

Susquehanna 

Delaware 

Hudson 

Connecticut. 



Nimi- 

ber of 

plants. 


Primary 

power 

(kilowatts). 

34,500 
18,000 
82,000 
68,000 
29,000 


2 

2 

12 

14 

4 



24-hour power 
( kilowatt-hours) . 



302, 000, 000 
158, 000, 000 
717, 000, 000 
595, 000, 000 
254,000,000 



Econom- 
ical devel- 
opment 
(kilowatts). 



200,000 
185,000 
350,000 
150,000 
165,000 



The quantity of water available for the production of power at the several sites was deter- 
mined from stream-flow measurements made by the United States Geological Survey or by the 
State governments. The period of record used for most of the power estimates was 15 years 
and extended from October 1, 1904, to September 30, 1919. The power and reservoir sites were 
located from State reports, reports of private engineers, topographic drawings, and personal 
investigation by the engineering staff. Stream-flow and power-duration curves for reservoir 
and power sites were plotted for average and minimum years. 

Development of primary power on all the streams under consideration, except the Niagara 
and St. Lawrence, involves the provision of large storage-reservoir capacity. There must be in 
addition ample forebay capacity at each power plant for peak-load operation. The construction 
of hydroelectric plants for base-load operations results in the lowest investment and production 
cost, and additional capacity for peak-load operation is obtained at about one-half the cost 
of an equivalent amount of steam-generating capacity. 

The developments proposed in the estimates for 1925 and 1930 can be justified only if they 
are included in an interconnected system, as otherwise their output can not be economically 
absorbed by the power market. 
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For the rivers that are not included in the 1921-1930 program estimates are given showing 
the resources that can be developed in average years, together with the investment and pro- 
duction costs. 

At practically all sites where hydroelectric plants are designed for peak-load operation 
there are considerable periods during each year when there is sufficient water to generate energy 
in excess of peak-load requirements. At such times the hydroelectric plants will be operated at 
full capacity, thus saving coal that would otherwise be burned in the steam plants of the system. 

The reconunended capacity for most of the proposed hydroelectric plants is larger than 
has been recommended in the past for use with individual electric public-utility systems. This 
is possible only through the interconnected system, which permits full advantage to be taken 
of peak-load development and of secondary power from hydroelectric plants. 

In estimating the over-all efficiency of hydroelectric plants 80 per cent has been taken as 
the combined efficiency of turbines, generators, and auxiUary equipment and is applied to the 
net operating head between forebay and tail race. 

POTOMAC BIVBB. 

The Potomac rises in the mountains of West Virginia and flows into Chesapeake Bay. It 
is not regulated to any appreciable extent, and the flow at Great Falls ranges from 653 to 248,000 
second-feet and averages 11,900 second-feet. The drainage area is 11,500 square miles, and the 

annual rainfall is between 35 and 40 inches. 

The fall from Point of Rocks, Md., to tidewater 
near the boundary line of the District of 
Columbia is 204 feet, of which 151 feet is below 
the aqueduct dam at Great Falls, 10.5 miles 
above the District line. 
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FiQUBB 36.— Estimated power available from proposed hydroelectric de> Figure L7.— Estimated power available from proposed hydroelectric d» 
velopment of Potomac River for lfl25. Total power, average year, velopment of Potomac River for 1930. Total power, average y«sr, 
034,on0,000 lcilowatt4ioiint; minimum year, 480,000,000 kilowatt-hours. 060,000,000 kilowatt-hours; mtnimiim year, 725,000,000 kllowatt-boun. 
Power site 1 (PI. IX). Power sites 1 and 2 (PI. IX). 

There are sites available for storage reservoirs on Great Cacapon River, a tributary stream, 
where the capacity is 15.6 billion cubic feet; on North Fork of Shenandoah River near Brocks 
Gap, where the capacity is 4.8 billion cubic feet; farther downstream on Shenandoah River, 
where the capacity is 11.2 biUion feet; and on the South Branch of the Potomac near its jimction 
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with the main rivor, where the capacity is 20.2 billion cubic feet. Furthermore, the dam at 
Great Falls will provide a combined storage reservoir and forebay with a capacity of 13.1 
billion cubic feet, making a total storage capacity of 65 billion cubic feet. 

The most favorable locations for power development are at Great Falls and Chain Bridge, 
where, by the construction of two dams, a head of 215 feet may be utilized. (For duration of 
flow expressed in kilowatts at these power sites see figs. 36 and 37.) The following table gives 
the essential data on this project, which includes the two plants, with necessary reservoir 
capacity: 

Table 85. — Power development on Potomac River » 



Proposed development. 



Reservoir capacity billion cubic feet 

Operating head r - • : • • -'^^ 

iDBtalled generator capacity .kilowatts 

Output: 

Average year kdlowatt-hours 

Minimum year do . . 

Investment cost 

Annual production cost 

General expense 

Total annual cost 

Time required to complete yean 



1925 



1080 



13.07 

139.5 

125,000 

634,000,000 
480,000,000 
115, 000, 000 



$2, 165, 000 
75,000 



2,240,000 
2 



13.07 

205 

200,000 

950, 000, 000 
725, 000, 000 
$22, 000, 000 



13, 190, 000 
110,000 



3,3(k),000 
2 



Possible uldmata 
development. 



64.97 

205 

600,000 

1, 370, 000, 000 

1,030,000,000 

$60,000,000 



$8, 790, 000 
310,000 



9, 100, 000 
3 



SXTBQTTBHANVA B1VX&. 

The Susquehanna has its headwaters in 
southern New York and in the highlands of 
northwestern Pennsylvania and empties into 
Chesapeake Bay. The drainage area above 
Harnsburg is 24,100 square miles, and the 
flow at that point ranges from 2,000 to 
700,000 second-feet and averages 19,500 sec- 
ond-feet. The average annual rainfall on the 
area is 40 inches. In the lower 35 miles of 
the course of the river there is a fall of 220 
feet so distributed that most of it may be 
utilized for power at four points — Conestoga, 
Holtwood, Conowingo, and a point about 2 
miles above Port Deposit. There is already 
a power plant at Holtwood, which may be ad- 
vantageously enlarged when the demand for 
power justifies it. (For duration of flow ex- 
pressed in second-feet per square mile at 
Harnsburg, see fig. 38.) 

The Susquehanna has no favorable sites 
for storage reservoirs and therefore must be 
developed for ''run of river" power. Power 
development at the Conowingo site is ham- 
pered by the fact that the railroad parallels 
the stream just above high-water level, and 
thus large expenditure would be required for 
relocating railroad tracks. 

The following table gives the data on de- 
velopment of the river at the four points 
above mentioned: 
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FiouBE 38.— Curves showing duration of flow of Susquehanna River At 
Harrisburg, Pa. Drainage area, 24,100 square miles. 
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Tablb 86'. — Pofwer development on Susquehanna River, 



Total operating head, including Holtwood feet 

Installed new generating capacity kilowatts 

Output: 

Average year kilowatt-hours 

Minimum year do. . 

Investment cost 

Annual production cost 

General expense 

Total annual cost 

Time required to complete years 



Proposed devdopment. 



1925 



131 
120,000 

80o;ooo,ooo 

580,000,000 
118, 000, 000 



$2, 510, 000 
90,000 



2,600,000 
2 



1S30 



174 
185,000 

1,230,000,000 
900,000,000 
$28,000,000 



$3, 961, 000 
139,000 



4, 100, 000 
2 



PoBsiUe ultimate 
developnieiit. 



204 
620,000 

2, 700, 000, 000 

1,850,000,000 

$64,000,000 



$9, 484, 568 
335,432 



9, 820, 000 
2 



DEULWARE BIVEB. 

The headwaters of Delaware River are in the Catskill Mountains, and it empties into Dela- 
ware Bay* The drainage area above Port Jervis is 3,100 square miles, and the natural stream 
flow at that point ranged from 175 second-feet 
in September, 1908, to a maximum of 108,000 
second-feet in February, 1909. The average 
annual rainfall on 'the area is about 40 inches. 




80.000 



40.0OO 



40 90 60 
rCR CENT or TIME 

FioumE 30.— Estimated power available from pn^osed h3rdn)electrie 
development of Delaware River for 1925. Total power, average year, 
860,000,000 kUowatt-bours; wiinimnTn year, 650,000,000 kilowatt-hours. 
Reservoir A (PI. IX), 12 billion cubic feet. Power sites 6 (storage 7.5 
billion cubic feet), 7, 10, 12, 13, 15, 16 (PL IX). 
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FioxTBB 40.— Estimated power available from proposed hydnwlectrle 
development of Delaware River for 1990. Total power, avflnge year, 
1,250,000,000 kilowatt-hours; minimum year, 1,090,000,000 kilowatt- 
hours. Reservoirs A (PL IX), 12 billion cubic feet; B, 5 billion oabic 
feet; D, 8 billion cubic feet; £, 3 bUlion cubic feet. Power sites 1, 2, 4, 
5, 6 (storage 7.5 biUion cubic feet), 7, 10, 12, 13, 14, 15, 16 (PL IX). 
Total storage 35.5 billion cubic feet. 



Between Hancock and Belvidere, a distance of 125 miles, there is a fall of 600 feet. The develop- 
ment proposed is to be effected by means of a series of dams, each of which will back up the 
water to the next site above. It is proposed ultimately to develop 12 sites on the main river, 
one on Wallenpaupack Creek, one on Shohola Creek, and one on Mongaup River. On the 
Delaware also power development is hampered by the presence of railroad tracks along the 
banks of the stream, but in the proposals for development the height of dams has been restricted 



HYDROELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM. 



197 



SO that only at one site will the grade of the railroad have to be changed. The power plants on 
the Delaware will be located at the dams, but for those on the three tributary streams tunnels 
will be required. 

Owing to the wide variation in the flow of this river storage reservoirs will be absolutely neces- 
sary in its development. There are a nimiber of favorable sites on the east and west branches 
above Hancock, and also one on each of the tributary streams on which developments are pro- 
posed. A capacity of 50 biUion cubic feet can be provided in eight reservoirs, which are shown 
on Plate IX. Practically all the sites have a forebay capacity which will enable the plants to 
be operated on peak loads at a low capacity factor. (For duration of flow expressed in kilo- 
watts at these power sites see figs. 39 and 40.) 

The following table gives the data on development of Delaware River and its tributaries: 

Table 87. — Power devtlopmeni on Delaware River. 



Proposed development. 



Reservoir capacity billion cubic feet. 

Total operating head, Delaware River. : feet. 

Head on Wallenpaupack Creek do. . . 

Head on Shohola Creek do. . . 

Head on Mongaup River do. . . 

Total installea generator capacity kilowatts. 

Output: 

Average year kilowatt-hours . 

Minimum year do. . . 

Investment cost 



Annual prod u ction cost 

General expense 

Total annual cost 

Time required to complete years. 



1925 



19.5 
279 
280 



183,000 

850, 000, 000 
650,000,000 
$25, 700, 000 



1980 



Possible ultimate 
development. 



35.5 
453 
280 



$3, 730, 000 
130,000 



3, 860, 000 
2 



350,000 

1, 250, 000, 000 
985,000,000 
151, 500, 000 



50.0 
471 
280 
580 
430 
668,500 

1, 490, 000, 000 

1, 210, 000, 000 

186,500,000 



$7,450,000 
260,000 



7, 710, 000 
2 



$12, 630, 000 
440,000 



13, 070, 000 
4 



HUDSON BIVBB. 

Hudson River rises in the Adirondack Mountains and empties into the Atlantic Ocean at 
New York. The drainage area at Spier Falls is 2,800 square miles and at Troy 8,100 square 
miles. The stream flow at Spier Falls ranged from 660 second-feet, the mean for the low 
week in September, 1913, to 84,200 second-feet in March, 1913. The average annual rainfall 
on the area is about 45 inches. There is a gross fall of 975 feet between Ort Falls and Hadley. 
A laige number of hydroelectric plants have been built on the Hudson, and complete develop- 
ment would involve about 16 new plants and reconstruction or replacement of 14 existing plants. 
(For duration of flow expressed in kilowatts at these power sites see figs. 41 and 42, p. 198.) 

There are four available storage reservoir sites — ^Lake Piseco, 4.3 billion cubic feet; Sacan- 
daga River at Conklingville, 37 billion cubic feet; Schroon Lake at Alder Brook, 12 billion cubic 
feet; and Indian River at Bullhead Pond, 10 billion cubic feet; total, 63.3 biUion cubic feet. 

Table 88. — Power development on Hudeon River. 



Reservoir capacity billion cubic feet 

Iiurtalled generator capacity kilowatts 

Output: 

Average year kilowatt-hours 

Minimum year do . . 

Investment cost 

Annual production cost 

General expense 

Total annual cost 

Time required to complete years 

a Oro6s capacity including present storage of 4.6 billion cubic feet. 



Proposed development. 
1925 



1930 



olO ! 
100,000 

I 

380, 000, 000 
330, 000, 000 
120, 124, 000 



$2, 815, 000 
99,000 



olO 
150,000 

900,000,000 
800,000,000 
$38, 350, 000 



$5, 250, 000 
200,000 



2, 914, 000 
2 



5, 450, 000 
2 



Possible ultimate 
development. 



a 63.3 
430,000 

1, 560, 000, 000 

1, 370, 000, 000 

$74, 384, 000 



110, 520, 000 
370,000 



10, 890, 000 
3 
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FiGXTBX 41.— Estimated pofwer available tram proposed hydroelectrio 
development of Hudson River for 1935. Total power, average year, 
880,000,009 kilowatMiours; minimum year, 330,000,000 kilowatt- hours. 
Reservoir A (PI. IX), net increased storage 6.1 billion cubic feet. 
Power sites 7, 8, 0, 10, 11 (PI. IX). 




40 50 60 70 
PER CENT OF TIME 

Fiouaa 42.— Estimated power available firom proposed hydroelectric 
development of Hudson River for 1030. Total power, average jetr, 
800,000,000 kUowatt-hoors; mlnlmnm year, 800/)QO,000 kilowatt- 
hours. Reservoir A (PI . IX), net increased storage 5. 1 billion cubic 
feet. Power sites 1, 2, 3^ 4, 6, 6^ 7, 8, 0, 10, 11, 14, 16, 17 (PI. IX). 



&AQUETTB BJVJSR. 

Raquette River rises in the Adirondack Mountains and empties into the St. Lawrence near 
Cornwall. The drainage area at Raymondsville is 1,070 square miles, and the streana flow 
at Piercefield ranged from 58 second-feet, the mean for the low two-week period in September, 
1913, to 6,970 second-feet in April, 1913. The average annual rainfall on the area is 48 inches. 
In 72 miles of this river between Piercefield and Raymondsville there is a fall of 1,350 feet. 

The drainage area of Raquette River contains a number of natural lakes, which ntaj be 
developed into storage reservoirs by the construction of dams at their outlets. It is estimated 
that 16 billion cubic feet of water may be stored in this manner. 

The following statement gives the data of development for Raquette River at 15 sites, at 
some of which reconstruction of existing plants will be required. 



Table 89. — Potnble uUimale power development on Raquette River. 

Reservoir capacity billion cubic feet. 

Total net head feet. 

New installed generator capacity kilowatts. 

Net output: 

Average year Hlowatt-houre. 

Minimum year do. . . 



. lao 

938 
110,000 

800,000,000 
670,000,000 



Investment cost 126,600,000 

Annual production cost $3, 745, 000 

General expense 130, 000 

Total annual cost 3,875,000 

BLACK BIVEB. 

Black River rises in the Adirondack Mountains, flows westward, and empties into Xixi^^ 
Ontario near Sacketts Harbor. The drainage area above Felt Mills is 1,851 square miles. The 
stream flow is affected by artificial regulation and has ranged from 400 second-feet, the mean 
for the low week, to 32,166 second-feet. The average annual rainfall on the area is aboi^t 45 
inches. On Black River proper the main fall is one of 480 feet between Dexter and Carthage, 
a distance of 31 miles. Beaver River, a tributary, has a fall of 1,024 feet in 55 miles, and 
Moose River, another tributary, has a fall of 1,087 feet in 45 miles. 
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A large number of small lakes in the Adirondack Mountains form natural storage reservoirs, 
and it is proposed to improve these at six sites on Black River and its tributaries to provide 
an ultimate storage capacity of 21.5 billion cubic feet. 

There are 33 existing power plants in this drainage basin, most of which are used for mak- 
ing paper pulp. There are 1 1 undeveloped sites on Black River and its tributaries. 

The following statement gives the data on these developments and includes estimates for 
the reconstruction of such existing plants as may be justified and for increasing the reservoir 
capacity 20 billion cubic feet. 

Table 90. — Posnble uUimaU power develajmunt on Black River. 

Reservoir capacity (including 1.5 billion cubic feet of existing storage), 

billion cubic feet. . 21. 6 

New installed generfitor capacity kilowatts. . 80,000 

Output: 

Average year kilowatt hours.. 350,000,000 

MiTiimiiin year do 315,000, 000 

Total investment coBt $16, 500, 000 

Annual production cost 92, 290, 000 

General expense 80,000 

Totol annual cost 2, 370, 000 

Time required to complete years. . 2 

' CONNECTIOXJT B1VB&. 

Connecticut River rises in the Province of Quebec, Canada, and flows into Long Island Sound 
about 60 miles east of New Haven. The drainage area is 8,000 square miles, and the stream 

flow at Sunderland, Mass., ranged from 1,330 
second-feet, the mean for the low week in Sep- 
tember, 1894, to 110,000 second-feet in April, 
1895. Between Fifteen Mile Falls, N. H., and 

2MM0OO 
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FloxTBB 43.— Estimatod power available from propoeed hydroeleetiic 
developinent of Conneotlcat River for 1025. Total power, ezeliulTo 
of storage, average year, 230,000,000 kilowatt-hoars; minimnTn year, 
150,000,000 kUowatt-hours. Power site 5 (PI. IX). 



FiouKB 44.— Estimated power available from piDposed hydroelectric 
development of Connecticut Biver for 1030. Total power, exclusive 
of storage, average year, 700,000,000 kQowatt-hours; minimum year, 
610,000,000 kUowatt-hours. Power sites 1, 3, 4, 5 (PI. IX). 



Windsor Locks, Conn., there is an aggregate usable fall of 428 feet, including redevelopment of 
the Bellows Falls site but excluding other developed sites. This fall is divided as follows : Fifteen 
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Mile Falls, 250 feet; Piermont, 50 feet; Quechee Falls, 45 feet; Bellows Falls, 50 feet; Windsor 
Locks, 33 feet. (For duration of flow expressed in kilowatts at these power sites see figs. 43^5.) 

A small amount of storage has been developed and is now used for logging operations and 
for the development of power. The conditions are favorable for the development of additional 
storage, which will not only benefit new plants but greatly improve operating conditions at 
existing plants. 

The following table gives data on potential developments at five power sites, which include 
redevelopment of the Bellows Falls site. The statement does not include additional reservoir 
capacity: 

Table 91. — Power development on Connecticut River, 



Total operating head 

Installed generator capacity. 
Output: 

Average year 

Minimum year 

Investment cost 



feet. 

kilowatts. 



. kilowatt-hours . 
do... 



Annual production cost. 
General expense 



Total annual cost. 



Proposed development. 



1925 



33 
50,000 

230,000,000 

150, 000, 000 

$9, 000, 000 



1990 



428 
165,000 

760, 000, 000 
510, 000, 000 
$29, 000, 000 



$1,256,000 
44,000 



$4, 130, 000 
140,000 



1, 300, 000 4, 270, 000 



Possible ultimate 

developmen t 
without storage. 



428 
165,000 

760, 000, 000 
510, 000, 000 
$29, 000, 000 



$4, 130, 000 
140,000 



4,270,000 
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ST. LAWBSNCB BIVEB. 

The portion of St. Lawrence River here considered lies between Lake Ontario and a point 
near Cornwall, where the international boundary diverges from the river in an easterly direc- 
tion. An investigation is now being made by 
engineers of the United States and Canadian 
governments looking to the development of 
the river in the vicinity of Long Sault and 
Bamhardts Island. The fall available is about 
80 feet, and it is estimated that generating 
capacity of about 1;200,000 kilowatts can be 
installed to yield an annual output of more 
than 10,000,000,000 kilowatt-hours. It is as- 
sumed that the ownership of one-half of this 
output will be allocated to the United States 
Government. The outstanding feature of this 
development is that the storage capacity of 
the Great Lakes, which drain an area of 
278,700 square miles, furnishes almost com- 
plete regidation of the river flow. The lowest 
recorded average flow for a month is 186,000 
second-feet, which is about 80 per cent of the 
average continuous flow. 

No estimate of the cost of development will 
be given here, as such an estimate is now being 
made by the engineers of the two governments. The cost, however, should be lower per unit 
than that of any of the developments on which estimates are given in this report, on account of 
the size of the development and because a large portion of the expenditure will be made for the 
improvement of navigation. 
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FiouBE 45.— Curves showing duration of power on Connecticut River 

at Bellows Falls, Vt. 
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NIAGABA BIVEB. 

Niagara River is about 30 miles in length and drains Lake Erie into Lake Ontario. The 
difference in elevation between these two lakes is about 330 feet. The fall between Lake Erie 
and the river level at the beginning of the rapids above the main falls is 9 feet, between this 
point and the middle pool below the falls 220 feet, and between the middle pool and Lake 
Ontario 101 feet. The characteristics of stream flow are much the same as those of the St. 
Lawrence, but. the flow is subject to daily variations due to wind. 

The water that can be diverted at Niagara Falls for the generation of power is now limited 
by international treaty to 20,000 second-feet on the American side of the river and to 36,000 
second-feet on the Canadian side. Practically the whole of this permitted diversion has been 
made, and no further developments are possible so long as the present treaty is in force. It 
may be abrogated on one year's notice from either party. 

The question of additional diversion of water from the river for power is somewhat com- 
plicated with the navigation of Lake Erie, as any large increase in diversion will tend to lower 
the lake level. By the construction of remedial works at the outlet of Lake Erie, however, it 
will be practicable to increase the amount of water diverted for power without impairing the 
navigability of the lake. The scenic beauty of the falls may be preserved by constructing 
works that will distribute the flow more uniformly over the crest. This power would prob- 
ably be cheaper to develop than St. Lawrence power and would be equally available for use 
in the superpower zone. 

THE BIVEBrS OF MAINE. 

In addition to the resources described above there is considerable undeveloped power in 
the State of Maine which is within transmission distance of the northeastern part of the super- 
power zone. As hydroelectric energy generated in Maine can not, under the present laws of 
that State, be transmitted outside its boimdaries, these potential developments have not been 
analyzed in detail. 

The following figures taken from the report of a special water-power investigation by the 
Public Utilities Commission of Maine for 1918 give an idea of the magnitude of these resources: 

Tablb 92. — Water-power reiources of Maine. 
[Horsepower available for OS per cent of an average year.] 



River. 



Piah 

Allagash 

Presumpflcot. 

St. Croix 

Union 

Kennebec 

Saco 

Androscoggin. 
Penobscot 



Present conditions. 



Developed. 



5,400 
13,000 

1,600 
26,000 
11,000 
77,800 
92,000 



226,000 



Unde- 
veloped. 



3,600 
3,600 



4,000 



50,000 

7,000 

28,000 

47,000 



143, 200 



Total. 



3,600 

3,600 

5,400 

17,000 

1,600 

76,000 

18,000 

105,800 

139,000 



370,000 



Conditions after regolatian. 



Developed. 



10,000 
14,000 
5,000 
56,000 
24,000 
85,000 
110,000 



310,000 



Unde- I 
veloped. i 



Total. 



6,400 
8,600 



4,000 



105,000 
15,000 
31,000 
67,000 



237,000 



6,400 

8,600 

10,000 

18,000 

5,000 

161,000 

39,000 

115,000 

177,000 



547,000 



CAPACITY AND OUTPUT OF EXISTING HYDROELECTRIC PLANTS. 

The following table shows the location of hydroelectric generating capacity in operation 
in the superpower zone and its output for 1919. The table gives an estimate of the capacity 
that can be furnished for the annual peak under low-water conditions and the annual output 
for the average and minumum year. 
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Tablb 93. — HifiioeUtlne pJanIt in tuperpower tone. 





InteUad 




IS?' 


Output (Ulontt^uun). 




A-'tnvjmi. 


Himmnmjmt. 


Fttom Kow i7iuri>n'i 


96,000 

111,630 

116,150 

8,710 

8 690 

5; 080 

105,340 


292.54 
303.45 
390.41 
24.70 
22.80 
17.22 
612.07 


4£,835 
51,130 
46,110 

865 
2,415 

660 
53,720 


269,020,000 
340, 015, 000 
341,460,000 
22, 120, 000 
19,980,000 
16,064,000 
648,790,000 


190,615,000 
223,650,000 
275,020,000 
14,715,000 
15,900,000 
12,987,000 
384,630,000 


















461,500 


1,663.19 


106,736 


1,667,429,000 


1,117,607,000 



TTNIT AND TOTAL INVESTMENT COST. 

The unit investment cost for hydroelectric generating equipment is given in figure 46 for 
operating heads of 20, 40, 80, 120, and 400 feet and for generating units ranging in size from 
„ 5,000 to 30,000 kilowatts. These unit costs 

E are based on prices in the midyear of 1919 

f and include turbines, generators, low-tension 

K*° switch gear, wiring erected, interest during 

f> construction, superintendence, engineering, 

3 w and contingent expenses. They are applicable 

i^ to all units except those first instidled, for 

I which 8 per cent must be added to cover de> 

I velopment charges. The unit costs were com* 

" t .o _ '» " " » piled from information burnished by the prin- 

cipal manufacturing companies in this country. 
In estimating the reproduction cost of the 
existing hydroelectric generating plants as 
shown below consideration was given to the 
size of the plant, the operating head, and the other characteristics of individual plants, and the 
estimates were checked by data furnished by the owners. 



nmnts tf.—tJntt ocM tar compMa hydraelaetrio equipment InstalM, 
ArdlfleroitoiMntUlgheadlli] mldrar of ItlB. IncludtstuiblnM. 
gaiunton, low-taniioa svltdi eewtod Wlrini, Inlont during cm- 
■trucUoa, supctlntendenGe, enflDeeifn;, uid oontiniendes. A de- 
Vfllopmentsbarsa a(Sp«r osntagsliuttba lint unit ihmld be added. 



E«B(aro New EngUnd S16, 601, 000 Hudson 

WoBtem New EnglMid 16,713,000 Anthiacite.. 

Mohawk 24,442,000 Bouthem.... 

Metropolitan 2,650,000 



11,693,000 
1,265,000 
23,963,000 
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ANNUAL. OPERATING COST PER UNIT. 

In order to determine annual unit operating costs, comprehensive records of 58 hydro- 
electric plants were selected for analysis. Figure 47 shows the cost per kilowatt-year of total 
generator capacity plotted against the size of the imit. Figure 48 shows the cost per kilowatt- 
year of total generator capacity plotted against the capacity of the plant. The use of these 
two curves in conjunction gives operating cost for power plants employing units of different 
sizes. 
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FioxTHX 47.— Unit operating cost of 58 selected hydroelectric plants m 
the superpower sone, 1919, aocordlng to sise of unit. 
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FiouBS 48.— Unit operating cost of 68seleeted hydroaleetric plants in 
the soperpower tone, 1919, aocordlng to capacity of plant. 
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APPENDIX H. 

THE SUPERPOWER TRANSMISSION SYSTEM, 



By L. E. Imlay. 



EXISTING TRANSMISSION SYSTEMS. 

The mileage of the transmission lines above 30,000 volts in the superpower zone in 1919 
amoimted to 1,200 miles, 37 at 110,000 volts, 813 at 66,000 volts, 36 at 44,000 volts, and 314 
at 33,000 volts. Of these 1,200 miles New England has 778, indicating that considerable inter- 
connection has already been established in that region. The high-voltage lines in other parts 
of the superpower zone are used mainly to transmit energy from sources where it is produced 
cheaply to points where it is used. The superpower system will multiply these sources of 
cheap production and will use the existing transmission lines as vehicles of distribution rather 
than of transmission. Accordingly, the present 33,000 to 66,000 volt transmission systems 
will be expanded for the distribution of the additional power made available by the superpower 
system. 

CHARACTERISTICS OF THE SUPERPOWER TRANSMISSION SYSTEM. 

The proposed transmission lines of the superpower system (see Pis. II, III, p. 14) are 
of two general classes — ^interconnecting lines between load centers, operating at 110,000 volte, 
and high-tension lines of lai^e capacity, operating at 220,000 volts. 

INTEBCONNBCTING LINES. 

The interconnecting lines are to be used (1) to transfer energy from one load center to 
another in order to take care of small increments of growth in demand until additions to local 
generating plants are justified; (2) to provide means by which reserve capacity at centers of 
distribution in one part of the system may be made available for use in adjacent centers; (3) 
to equalize the load between the generating plants of the system or to distribute it among them 
as economy or policy may direct; (4) to transmit enei^ from power plants that are not at 
load centers and that are not provided with separate high-tension lines of transmission. 

Any scheme for distributing load between generating centers over tie lines presupposes 
the automatic operation of governors on prime movers to maintain proper speed under all 
variations of load up to the full capacity of the generating units. An ideal interconnecting 
system would function automatically, for when an overload comes on any part of the system 
the prime mover of that part tends to slow down and lower the frequency, and its slowing do^n 
causes the generating units of the part affected to become somewhat out of phase with those 
of the rest of the system and produces a flow of energy from the lightly loaded to the more 
heavily loaded part of the system. Owing to physical and economic limitations, however, 
lines having considerable resistance and reactance can be automatically controlled only within 
rather narrow limits of load transfer between two load centers several miles apart, so that 
automatic regulation of voltage is not possible, except through a comparatively small range, 
without the use of special regulating equipment, for it presupposes a very low reactance circuit 
with relatively low resistance. 

Under ordinary conditions energy may be transferred through a tie line so as to maintain 
the same bus voltage at all distributing points in a system by varying either the voltage or the 
impedance volts of the line. The voltage may be varied by shifting to different taps on the 
transformers, by the use of S3mchronous boosters, or by the use of some form of regulator. 
The induction regulator is probably the most satisfactory, and it should be manipulated by hand, 
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as no device yet contrived can automatically distinguish between a variation due to a short 
circuit and one due to a change in demand. The impedance volts may be varied by the use 
of synchronous condensers at the receiving station. 

In varying either the voltage or the impedance volts of the tie lines the limitations of 
synchronizing power and of corona effect should be considered. If a regulator is used a con- 
ductor of a size that will insure economy must be selected, and if synchronous condensers 
are used a design should be selected that will insure regulation rather than prevent loss of power. 

If the tie lines are not long and if they are to carry relatively little energy the load can 
generally be carried by providing lines having low resistance. If the governors and the voltage 
regulators function properly they will automatically tend to distribute the energy as demanded 
if the fields in the generators in the station receiving energy are strengthened. If the demand 
is so great that the capacity to which the generator fields can be strengthened is exhausted before 
normal voltage is reached the deficiency must be supplied by providing synchronous-condenser 
capacity. 

Consideration has been given to the effect of short circuits that may occur on the network 
of lines of the superpower system. Obviously, to insure the maximum economy an ideal system 
should be interconnected and operated as a unit. Studies of the possible concentration of 
enei^ resulting from short circuits at critical points in an ideal superpower system indicate, 
as was expected, that the short-circuit currents would exceed the rupturing capacity of any 
circuit breaker now available. In planning the interconnecting system contemplated in this 
report the limitations of the circuit breakers now available and the operating conditions to be 
provided for have been fully considered. If a short circuit occurs the system will be automatically 
separated at selected points into several systems that are complete in themselves, in order to 
limit the energy interrupted to amounts that can be readily handled. The feeders affected 
by the short circuit are thus automatically disconnected from the system, with minimum dis- 
turbance to the service. The rapid improvement in circuit breakers within the last few years 
leads us to expect that future improvement may produce apparatus that will permit much 
greater concentration of power, so that by the time the superpower system has grown to a 
size requiring circuit breakers of larger capacity they will probably be obtainable. 

No insuperable difiSculty is expected in obtaining rights of way for tie lines in the outlying 
districts of the superpower zone, where overhead circuits will be used, but rights of way in the 
congested parts of the large cities, where underground lines operated at comparatively low 
voltage are necessary^ may not be obtained so easily. In New York City, for example, the 
generating stations are not now sufficiently provided with tie lines to insure the most economical 
operation on account of the prohibitive cost of conduits or conduit space for high-tension cables. 
Tie-line connection between New York and the industrial district of New Jersey is still more 
difficult to obtain and is even more necessary. Particular attention is called to the necessity 
of providing ample conduit space for tie lines in the new vehicular tunnel under the Hudson 
between New York and Jersey City. 

TRANSMISSION LINES. 

The principal elements to be considered in designing transmission lines are length of line, 
amount of energy to be transmitted, frequency, voltage, corona, resistance, reactance, con- 
ductance, susceptance, value of energy lost, cost of money, cost of operation, and value of 
energy deUvered at the receiving, end of the line. Kelvin's law is appUcable here if the con- 
ductors are large enough to escape corona and if the investment in conductors includes the cost 
of other apparatus, which varies with the sizes of the conductors considered. 

Length of line is determined by location of power plant with respect to market for power. 

The amoimt of energy transmitted on a line may be limited either by the size of the 
generating plant or by the extent of the market. If a power plant is capable of an increase 
in capacity, the transmission Une should have a margin of capacity to cover the increase or 
should be susceptible of additions at minimum cost. 
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The maxiinum practicable potential used for transmission to-day is 220,000 volts, and in 
the study of transmission to and within the superpower zone this and lower potentials are used. 

Corona fixes one of the limits to economic^ long-distance transmission at very high voltages. 
There is a critical disruptive voltage for each size of cable, depending on. spacing and arrange- 
ment of conductors, elevation above sea level, and meteorologic conditions. Rain, fog, and 
snow tend to lower the critical voltage. Up to 2,000 feet above sea level the minimum diameter 
of conductors for operation at 110,000 volts is about 0.45 inch and the minimum diameter of 
conductor for operation at 220,000 volts is about 0.95 inch. 

The fundamental characteristics that determine the losses and the performance of a line 
are resistance, reactance,"^ conductance, and susceptance. Resistance depends upon the size 
and length of the conductor and the material of which it is composed. Reactance varies with 
the frequency employed and with the length, size, arrangement, and spacing of the conductors. 
Conductance varies with the effect of corona and with insulation of line. Susceptance deter- 
mines the chaiging current of the line and depends on the spacing, diameter, and arrangement 
of conductors, the frequency employed, and the length of circuit. 

For lines of moderate length, say up to 350 miles, energy can be transmitted at 60 cycles, 
the prevailing frequency in the superpower zone. For longer lines it may be desirable to 
transmit at a lower frequency on account of the limitations of reactance and susceptance, but 
energy for use in the superpower zone will probably never be transmitted farther than 350 miles. 

Kelvin's law is applicable to the design of high-tension transmission lines if account is 
taken of all the factors, which vary with variations in the conductors considered. The effect 
of these factors is subject to constant change, and the adoption of a particular design can be 
justified only if the cost of aU the elements that may affect it are known. The cost of money, 
the cost of material, and the value of energy at the receiving end of the line are the principal 
elements involved. 

The structural features of designs of existing transmission lines have been carefully worked 
out, and the designs for the transmission lines proposed involve no new problems. It may be 
economical, however, to use a type of tower construction for long lines that is different from 
the type used for comparatively short Unes that transmit the same amounts of eneigy. For 
conductors of moderate size to be used under the usual limiting conditions the most economical 
tower spacing will be as follows: For hard-drawn copper, about 800 feet; for steel-reinforoed 
copper, about 1,000 feet; for steel-reinforced aluminum cablC) 1,200 to 1,500 feet. 

The principal elements to be considered in spacing towers economically are (1) the character 
of the cable (weight, tensile strength, elastic limit, and temperature coefficient of linear expan- 
sion); (2) the clearance from the ground; (3) the assumed loading by ice and wind pressure; 
and (4) the cost of towers, foundations, insulators, and labor. 

All 110,000 and 220,000 volt systems should be star connected with grounded neutraL 
The 110,000-volt lines may be provided with overhead ground wires where A-frame construc- 
tion is used, but the 220,000-volt lines should not be provided with either groimd wires or 
lightning arresters, for they will probably cause more trouble than they will prevent. 

The entire superpower zone Ues within an area that is occasionally subject to severe sleet 
storms, and authentic records show that sleet 1^ inches in radial thickness has been formed on 
line conductors. The cost of building transmission lines to withstand so heavy an accumulation 
of sleet would be prohibitive. The remedy is to keep the lines so warm during a sleet storm 
that ice will not collect on them, either by transmitting sufficient eneigy over them or by short- 
circuiting them and sending enough current through them at low voltage. 

RIGHTS OF WAY. 

The importance of adequate rights of way for transmission lines can hardly be over- 
estimated. Many of the troubles on existing long-distance lines are due to crooked lines, 
which introduce hazardous construction. The service rendered to the public over many power 
lines is greater than the service rendered by some railroads, and these public lines should have 
rights of way commensurate with the value of their service. It is therefore an imperative 
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public necessity that compaiues operating transmission systems should be granted rights of 
way through the exercise of the right of eminent domain. A 220,000-volt transmission system 
consisting of two tower lines, each containing two circuits, should have a right of way 240 feet 
wide and as straight as it can be made. 

Transmission and tie lines should be so located as to avoid interference with service over 
communication circuits. In anticipation of the necessity of cooperation to avoid such inter- 
ference conference was had with the engineers of the American Telephone & Telegraph Co., 
who have furnished the superpower survey a complete set of maps, consisting of 331 topo- 
graphic sheets, fully indexed, showing the location of the toll lines of that company and its 
subsidiaries in the superpower zone. The preparation of these maps involved an enormous 
amount of work by the telephone company, and the set is too large for incorporation in 
this report, but it may be examined at the office of the United States Geological Survey at 

Washington. 

PERFORMANCE OF TRANSMISSION IJENES. 

The performance of a transmission line may be determined graphically by the use of 
vector diagrams indicating currents and voltages at the ends of the circuit and applying the 
auxiliary constants of the circuit which account for the distribution effect. Figures 49-55 
show the performance of a proposed transmission line from St. Lawrence River to a point in 
central New England. This line will be 225 miles long, will operate at 220,000 volts and 60 
cycles, and has been designed to transmit 300,000 kilowatts and supply a distributing system 
that operates at a power factor of 85 per cent. The transmission system will consist of two 
tower lines, each supporting two circuits. The conductors are steel-reinforced aluminum cables 
measuring in cross section 605,000 circular mils and having a diameter of 0.953 inch. Each 
circuit will transmit 75,000 kilowatts under normal conditions and 150,000 kilowatts in an 
emei^ency. Additional data are given on the diagrams. 

The diagrams show fully the graphic method of solution and also the mathematical solution. 
These solutions take into account the leakage and the local impedance of the raising and lowering 
transformers as well as the effect of these in reducing the effective synchronous-condenser 
capacity required imder load. The mathematical solution given involves the values of the 
auxiliary constants determined by the employment of hyperbolic functions and is rigorously 
correct. 

Figure 49 shows the conditions existing at no load, with normal load connections and with 
line and lowering transformers energized. With 220,000 volts at the receiving end of the line, 
measiired at the low-voltage side of lowering transformers, a synchronous-reactor capacity of 
about 30,000 kilovolt-amperes will be required to hold the voltage at the sending end at 230,000 
volts. A synchronous-reactor capacity of about 20,000 kilovolt-amperes will be required to 
maintain 220,000 volts at both the receiving and the sending ends of the line. 

Figure 50 shows the performance. of the system at a normal load of 75,000 kilowatts per 
circuit and 220,000 volts at the receiving end of the line. A s3mchronous-condenser capacity 
of about 42,000 kilovolt-amperes will be required to hold the receiving voltage at 220,000 volts 
with a load having a power factor of 85 per cent. If the voltage at the sending line is held 
at 220,000 volts the synchronous-condenser capacity required will be about 53,000 kilovolt- 
amperes. 

Figure 51 shows the performance of the system with an emergency load of 150,000 kilo- 
watts on each circuit, a condition that may exist for short intervals while one tower line is out 
of service for repair. Under these conditions a condenser capacity of 173,000 kilovolt-amperes 
will be required to hold voltage constant at 220,000 volts at both ends of the line. 

Figure 52 shows the amount of energy that may be delivered over this line under various 
conditions of sending-end voltage to an 85 per cent power-factor load, with 220,000 volts at 
the receiving end. 

Figure 53 shows the synchronous-condenser capacity required for various loads at the 
three sending-end voltages that are most likely to be used. 

63361°— 21 14 
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Figure 54 shows the voltage on each side of the raising transformers corresponding to 
condenser loads of various capacities in parallel with a load of 75,000 kilowatts at a power 
factor of 85 per cent. The vertical distance between the two voltage lines is the voltage drop 
or voltage rise through the raising transformers. For condenser loads up to 15,000 kilovolt- 
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FiouBB 49.~Vector diagram for ZZ&'inile transmlasloii line with no load. 



amperes there is a drop in voltage through the raising transformers. For condenser loads above 
15,000 kilovolt-amperes there is a rise in voltage through the raising transformers. 

Figure 55 is a general diagram showing a possible arrangement of generating, transforming, 
and transmitting equipment for the St. Lawrence*-New England project. 
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Table 94. — Character and performarux of lines that have been considered as sources of energy for the superpower zone. 



Character. 

Energy to be tnmsmitted kilowatts. 

Leagth. of line milee. 

Voltage at generating end 

Voltage at receiving end 

Frequency *. cycles. 

Number of tower lines *. ,..'..... 

Number of circuits per tower line 

Size of conductor: 

Aluminum circular mils. 

Steel do... 

Copper ^ do. . . 

Normal load per circuit kilowatts. 

Emergency load per circuit do. . . 

Power factor of load (lagging) per cent. 

PerformoTice under normal load. 

Power factor at sending end of line (leading) — per cent. 

Power factor at receiving end of line (lagging^ do. . . 

Synchronous-condenser capacity required kilovolt^amperes. 

line losses. kilowatts. 

Transformer losses do. . . 

Synchronous-condenser losses -. do. . . 

Total losses do... 

Efficiency of transmission per cent. 



Niagara 
Falls-New 
York line. 



300,000 

350 

220,000 

220,000 

60 

2 

2 

605,000 
78,000 



75,000 

150,000 

85 



88.1 

98.8 

180,000 



28,500 

10,500 

7,200 



46,200 
86.7 



St. Law- 

renoe-New 

England 

line. 



300,000 

225 

220,000 

200,000 

60 

2 

2 



640,000 

75,000 

150,000 

85 



99.5 

96.1 

140,000 



12,500 

10,500 

5,600 



28,600 
91.3 



Pittston- 

Newark 

line. 



300,000 

115 

230,000 

200,000 

60 

2 

1 

920,000 
271,000 

150, '666 

300,000 

85 



94.7 

97.6 

160,000 



13,800 

10,500 

6,400 



30.700 
90.7 



COMMUNICATION LINES. 

The superpower system can be operated successfully only through absolute unity of operat- 
mg control. Relations must be established between the different parts of the system to insxire 
unquestioning and immediate response to the directions of some central authority. This 
requirement involves facilities for instant communication between all the generating and dis- 
tributing stations. Most of the existing transmission systems provide lines of communication 
that parallel the lines of transmission and that are supported by the transmission-line towers 
or by poles erected on the right of way. These lines of communication, supplemented in reserve 
by the Bell telephone systems for use between important centers, furnish adequate service. 

The maintenance of lines of communication on the right of way of a high-tension trans- 
mission line that parallels power circuits, where they are particularly exposed to electrostatic 
and electromagnetic induction, is considered very undesirable by the power company, but it is 
employed as the surest means of maintaining communication between power plants and dis- 
tributing stations. The commercial telephone systems have been so greatly improved and 
augmented that the telephone companies in the superpower zone now have great resources in 
trunk lines and alternate routes and exceptional facilities for maintaining their plants. 

The operation of transmission lines by means of radio telephones or telegraph is being 
rapidly developed and will probably increase in the near future, particularly as radio com- 
munication is free from the effect of interference by high tension circuits. 

SUBSTATIONS. 

Outdoor substations of standard design, except as the design may be affected by higher 
voltages, will be used. Synchronous condensers will be installed in the substations to reduce 
investment and operating cost. 
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UNIT INVESTMENT COSTS. 
TRANSMISSION UNES. 

In the following table, showing the unit investment cost per mile for the (li£Eer^it types. of 
transmission lines used in existing systems, the cost includes rights of way and is based on 
prices in midyear of 1919. 

Table 95. — Unit investment cost /or trantmission lines. 



Line 
▼oltoge. 



Conductan. 



Material. 



220,000 
220,000 
220,000 
220,000 
220,000 

220,000 

110,000 
110,000 
110,000 
110,000 

110,000 
110,000 
110,000 
110,000 



{Aluminum.. 
St«el 

Aluminum.. 

Steel 

Aluminum.. 

steel 

Aluminum. 

Steel 

Aluminum. 

steel 

Aluminum. 

steel 

Copper 

....do 

. . . .do 

....do 

Aluminum. 

Steel 

Aluminum. 

Steel 

Aluminum. 

Steel 

Aluminum. 
Steel 



Area (eir- 
ciilarmlls). 



Number 

of tower 

lines. 



ToUl 

number of 

circuits. 



605,000 

78,000 
605,000 

78,j000 
605,000 

78,000 
605,000 

78,000 
920,000 
212,000 
920,000 
212,000 
No. 000 
No. 000 
350,000 
350,000 
450,000 

58,500 
450,000 

58,500 
920,000 
212,000 
920,000 
212,000 



} 

} 
} 
} 



I 
2 
1 
2 
1 

2 

1 
2 
1 
2 

1 
2 
1 
2 



2 
4 
1 
2 
1 

2 

2 
4 
1 
2 

2 
4 
2 
4 



Co8ti>er 
mile. 



$27,328 
54,056 
18,760 
36^920 
22,330 

44,060 

19,160 
37, 070 
16,780 
32, 310 

20,945 
40,640 
33,440 
65,630 



SUBSTATIONS. . 

Figure 56 shows the miit cost of llOyOOO-voIt substations with low-tension secondaries in 
midyear of 1919. This cost includes transformers, structures, and switch gear to accommodate 
two, four, six, or eight incoming 110,00(>-volt lines. 

Figure 57 shows the unit cost of 220,000-yolt substations with low-tension secondaries in 
midyear of 1919. This cost includes transformers, structures, and switch gear to accommodate 
two or four incoming 220,000-volt lines. 

Figure 58 shows the unit cost of 220,000-volt substations with 110,000-volt secondaries in 
midyear of 1919. This cost includes transformers, structures, and switch gear to accommodate 
two, four, or six incoming 220,000-volt circuits and six outgoing 110,000-volt circuits. 

SYNCHRONOUS-CONDENSER STATIONS. 

Figure 59 shows the unit cost of synchronous-condenser stations at midyear of 1919. This 
cost includes buildings, synchronous condensers, transformers, and switching and regulating 
equipment. For the operation of synchronous condensers on 110,000-volt circuits independent 
transformers are provided; for 220,000-volt circuits a tertiary winding is added to the main 
transformers. 

FREQUENCY-CHANGER STATIONS. 

BHgure 60 shows the unit cost of frequency-changer stations at midyear of 1919, This cost 
includes building, frequency changers, transformers, and switching and regulating equipment. 
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OPERATINO COST OF TRANSMISSION SYSTEM. 

TRAK8XI8SIOK IJKB8. 

The following estimated operating cost for transmission lines includes maintenance, labor, 
and supplies and is based on the actual cost of operating long-^iistance lines: 

Table 96. — Operating cost for tnmtmisnon lines. 



Line Yoltago. 



220,000. 



110,000. 



Number 

<rf tower 

lines. 



1 
1 
2 
2 
1 
1 
2 
2 



Totol 

number of 

drcuita. 



1 
2 
2 
4 
1 
2 
2 
4 



Operating 

cost per 

mile per 

year. 



$175 
200 
225 
250 
125 
150 
200 
250 



SUBSTATIONS. 



The annual cost of maintenance and supplies has been fixed at 2 per cent of the total first 
cost of the substation. For the annual cost of labor $12,000 is used for substations having a 
capacity of 150,000 kilovolt-amperes or less, $18,000 for those having capacities between 150,000 
and 300,000 kilovolt-amperes, and $24,000 for those having capacities of more than 300,000 kilo- 
volt-amperes. 



APPENDIX I. 

RELIABILITY OF SERVICE. 



TT" 



By L. E. Imlay and others of the engineenng staff. 



Keliability of service is of first importance. A superpower system with interconnection 
through many load centers and with provision for obtaining power from several sources can 
insure continuous service. 

Modern power plants, which use large units, are simple compared to power plants built a 
decade ago. The tendency to locate the plants outside of centers of population has done much 
to simplify former complicated switching and feeder arrangements. 

The principal causes of power-plant interruption, outside of fluctuations in coal supply, 
are in the coal-handling, boiler, turbine, condenser, and electrical apparatus. Provision is 
made against such interruptions in the superpower system.. 

Coal-handling equipment is now provided either in duplicate or of sufficient capacity so 
that the coal supply will not be in danger of exhaustion. To the. popular mind boiler explosions 
are regarded as one of the greatest dangers to be apprehended in steam, plants, but since the 
advent of the water-*tube boiler there is, so far as explosions are concerned, no limitation to 
the nxmiber and capacity of boilers that may be placed in one plants 

Large steam turbines of recent development have excellent records for continuous 
operation over long periods. It is true that during the World War considerable trouble was 
experienced with a number of large turbines, but the cause of this particular trouble has been 
accurately ascertained and eliminated. 

The operating records of turbine units in a number of large plants show that these imits 
are available for service more than 90 per cent of the time, and the margin is within the reserve 
capacity of the plant. 

It is difficult in a well-operated plant to justify interruptions from condenser troubles. 

Failures in modem electric generators are no longer frequent. The perfection of oil switches 
and the complete isolation of the phases and reactance applications have resulted in the eliminar 
tion of the disastrous effects of short circuits. 

Superpower transmission will involve capacities of 300,000 kilowatts and maximmn dis- 
tances of 350 miles. Consultation and exhaustive discussion with the principal transmission 
authorities of this coimtry regarding a proper support and circuit arrangement led to the conclu- 
sion that these transmission systems should consist of two tower lines, each supporting two 
circuits and each tower line being capable of transmitting the entire load. 

Load centers in the past have usually been dependent upon a single transmission line. 
By virtue of its interconnecting network the superpower system will eliminate the hazard of 
interruption or disaster from the use of a single line. 

The transmission systems for the superpower system will be of entirely different dimen- 
sions from those to which we have become accustomed. Appendix H-2 brings out the features 
of their construction. Their reliability will be of the same order as that prevailing within the 
best modem power plants. They can thus be considered as merely high-tension extensions of 
the power-plant busses. 

The inherent characteristic of the superpower system, therefore, is adequate provision for 
reserves through its entire structure. 
218 



APPENDIX J. 

THE RELATION OF COAL AND COAL-DELIVERY ROUTES TO THE SUPERPOWER 

SYSTEM. 



By C. E. Lesheb, F. G. Teyon, and others. 



DISTRIBUnON AND USE OF COAIi IN THE SUPERPOWER ZONE IN 1919. 

Table 97 shows that the coal used by central stations is only about 9 per cent of the total 
used in the superpower zone; that used for locomotive fuel and other railroad purposes and 
by industries, mines, Government institutions, waterworks, and the central stations amoimts 
to nearly 71 per cent of the total. 

Table 97. — Distribution cmd use of coal in superpower zone for 1919 ^ in short Urns. 



Sources: 

Mined in zone 

Shipped into zone for conBumption therein or for bunker and sea-borne 
export: 

Imports by water from Canada 

By rail from United States 

Coastwise from Hampton Roads 

Total coal available 

Used in zone: 
Railroads: 

Locomotive fuel, class 1 roads 

All other railroad supply coal except coal for repair shops, including 
coal for heating stations and all coal for roads other than class 1. . . 

Central electric stations 

Industries, mines, and Government institutions 

Waterworks 

Heating residences and all other buildings not elsewhere specified. In- 
cludes coal burned in dwellings, apartment houses, hotels, restaurants, 
theaters, office bidldinfi;s, schools, hospitals, churches, public buildings, 
and State, county, and municipal institutions 

Total used in zone 

Shipped out of zone: 

Foreign bunker 

Domestic bunker, including bunker for Army transports and Navy 

Sea-borne exports 

Coal mined in zone but shipped by rail out of zone 

Total coal leaving zone 



Bituminous. 



None. 



3,000 

70, 706, 000 

7,000,000 



77, 709, 000 



15, 640, 000 

1,830,000 

9, 976, 000 

34, 669, 000 

260,000 



4,600,000 



66, 975, 000 



4, 669, 000 

2, 970, 000 

3, 095, 000 

None. 



10, 734, 000 



Anthracite. 



87, 607, 000 



None. 

143,000 

None. 



87, 750, 000 



2, 765, 000 

1,880,000 

1, 830, 000 

23, 419, 000 

291,000 



34, 459, 000 



64, 644, 000. 



None. 

None. 

152,000 

22, 954, 000 



23, 106, 000 



Total. 



87, 607, 000 



3,000 

70, 849, 000 

7,000,000 



165, 459, 000 



18, 405, 000 

3,710,000 

11, 806, 000 

58, 088, 000 

551,000 



39, 059, 000 



131, 619, 000 



4, 669, 000 

2, 970, 000 

3, 247, 000 

22, 954, 000 



33, 840, 000 



COAL. DISTRICTS AND COAL. DELIVERY ROUTES. 

The bituminous-coal districts tributary to the superpower zone are the Clearfield, Somerset, 
Windber, Greensburg, Westmoreland, Pittsburgh, Fainnont, Georges Creek, Pocahontas, New 
River, and Kanawha. 

The Clearfield, Somerset, and Windber districts lie nearest, and the freight rate from them 
is the lowest, but they are within the thin-seam regions, where the production cost is high. 

The Westmoreland, Greensburg, Pittsburgh, and Fairmont districts are in the thicker-seam 
r^on, where production costs are lower, but the freight rates from them are higher. 

About half of New England^s coal has heretofore been supplied from the Pocahontas, New 

River, and Kanawha districts. These districts are the chief sources of coal for export, and when 

the export demand is large the demand in New England must compete with it. 
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The selection of sites for base-load steam-electric plants is dependent upon the availability 
of sufficient condensing water, the cost of coal delivered, and the relation of the plant site to 
the coal-delivery routes from the mines. 

Power plants at tidewater in New England east of New London have a reliable coal supply, 
as they can obtain fuel from the greatest number of sources, having the option of either all- 
rail or rail and water delivery. The two particular difficulties in the free movement of coal 
to New England are congestion at times at the Hudson River gateways, due to weather and 
traffic conditions, and the shortage of bottoms at certain periods for the movement of coal from 
Baltimore, Philadelphia, and Hampton Roads to eastern New England ports. 

The principal bituminous-coal carriers to the superpower zone are the Pennsylvania, the 
Baltimore & Ohio, the New York Central, and the Western Maryland. These railroads are 
also the principal carriers of all other traffic to that zone, and at times the traffic demand exceeds 
their capacity. At certain points on these lines, such as the classification yards at Cumberland, 
Altoona, WiUiamsport, and Harrisburg, congestion has occurred through either the traffic 
conditions or the topographic conditions; at others congestion is due primarily to the necessity 
of transfer between the railroads, as at Troy, Albany, Maybrook, and Harlem River. 

Plants on Hudson River as far north as Troy can readily receive coal, either through Albany 
or by river barges from New York Harbor. Between New York and Washington there are a 
number of good locations for steam-electric power plants. Sites are available along New York 
Bay, Hackensack River, Passaic River, Raritan Bay, Raritan River, Delaware River as far 
north as Trenton, Delaware Bay, Chesapeake Bay, and Potomac River as far west as Cumberland. 
In the inland region Susquehanna River and its branches offer excellent sites for the location 
of base-load steam-electric plants. 

The principal difficulty in the location of steam-electric plants in the bituminous Tnining 
districts comes from lack of condensing water. (See Appendix F.) 

Plate X shows the location of available coal-mining districts, principal rail routes, and 
location of base-load steam-electric plants for 1930. Anthracite is not discussed at this time, 
for plants constructed to bum anthracite will be located in the mining region, and rail delivery 
will consist only in gathering the coal for them. Power can be delivered to the Newark and 
Philadelphia load centers from plants to be constructed in the anthracite region more cheaply 
than power can be generated at these centers. (See Appendix F.) 

COST OF COAL- 
COST OF COAL AT TEE MINBB. 

Bituminous coal, — ^The average price for bituminous coal at the mine has been taken at 
$2.90 per short ton for the three years considered (1919, 1925, and 1930) and was determined 
by the weighted average cost of bituminous coal for 1919 to the fuel-using industries in the 
superpower zone. This price applies to fuels that take the Clearfield freight rate. The Greens- 
burg, Westmoreland, Pittsburgh, and Fairmont districts, which ship coal to the superpow^er 
zone by rail and water, as well as by all-rail routes, sell at a price about 50 cents a short ton 
lower than the Clearfield district. The Pocahontas, New River, and Kanawha fields supply 
large amounts of coal to eastern New England by boat, delivered from Hampton Roads. This 
coal commands a premium of about 50 cents a short ton at the mine over that of the Clearfield 
district. 

Although the cost of labor may be reduced by modification of the present wage scale, 
which terminates in 1922, the cost of coal tends to increase gradually from the necessity of 
developing mines in thinner seams and deeper veins and of extending underground haulage 
in existing mines. 

AnOiradte. — ^The price for buckwheat No. 3 coal at the mines has been taken at $1.75 per 
long ton for the three years considered (1919, 1925 and 1930). This price is based on records 
of sales made in 1919 and on the competitive relation between anthracite and bituminous coal 
at tidewater delivery points. 
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Between 1911 and 1917 the ratio of the cost of buckwheat No. 3 coal at New York Harbor 
to the cost of low-Yolatile bituminous coal increased from 53 to 56 per cent. In 1918 it jumped 
to about 67 per cent, but in 1919 it fell to 66 per cent. The large increase in 1918 and 1919 
was due to the fact that bituminous coal was then under governmental regulation, while buck- 
wheat No. 3 coal was not, and it was further due to the difficulty of obtaining deliveries of 
bituminous coal. The New York Harbor price of buckwheat No. 3 coal has been taken at 
approximately 63 per cent of the price of low-volatile bitimiinous. Although this ratio is 
somewhat higher than that in existence before the war, it is considered reasonable, as the demand 
for buckwheat No. 3 coal has increased through the development of anthracite stokers and better 
knowledge of the use of this coal gained during the war. 

United States Geological Survey records show that 78,501,931 long tons of anthracite 
was mined in 1919. Of this total 67,817,284 tons was shipped out of the anthracite district 
and 8,576,850 tons was used for fuel by the mines themselves. Local sales account for the 
remainder. The total quantity of buckwheat No. 3 and smaller sizes of anthracite shipped in 
1919 was 3,759,000 tons. 

Large base-load steam-electric plants located in the anthracite region will require approxi- 
mately 1,600,000 long tons of buckwheat No. 3 and smaller sizes of anthracite for each 300,000- 
kilowatt plant, which is nearly one-half of the total of those sizes shipped in 1919. However, 
a large proportion of the mines that now have their own steam plants would be electrified 
when such power plants were constructed, thus releasing, owing to the higher efficiency of the 
power plants, a lai^er amount of the small steam sizes than would be required for the operation 
of these base-load plants. Under such conditions the demand will not be in excess of the 
supply. (See Appendix F.) 

COST OF GOAL DBLTVBBBD TO THB STEAM-BUCGTBIO PULNTS. 

The cost of fuel at the power plants has been determined by the cost of coal from the 
Clearfield district. 

Coal from the Westmoreland, Greensburg, Pittsburgh, and Fairmont districts costs 50 cents 
a short ton less than Clearfield coal but is lower in calorific value. Coal from the Pocahontas, 
New River, and Kanawha fields has a higher calorific value than that of Clearfield, but its 
mine price is 50 cents a short ton higher. When all charges to the destination point are con- 
sidered, the number of British thermal units obtained for each dollar expended is nearly the 
same for coal from all the fields, and the use of the Clearfield prices and freight rates as a basis 
both for fuel cost and plant performance gives a representative average. 

The current freight rates of 1919 are used in the calculations for that year and those existing 
on January 1, 1921, for the 1925-1930 period. 

Table 98 gives the cost of bituminous coal at specified destination points from those fields 
that are tributary to them. 

Table 98. — Cost of bituminotu coal per short ton at destination points in the superpower zone. 



Load center. 



BoBton. 



Providence. 



New London. 



Mining district. 



Clearfield.. 

....do 

Fairmont.. 
Pocahontas 
Clearfield.. 

....do 

Fairmont. . 
Pocahontaa 
Clearfield.. 

....do 

Fairmont.. 
Pocahontas 



Period. 



1919 
1925-1930 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 
1925-1930 





Freight, 




taxes, in- 


Price at 


surance, 


mines. 


and sea- 




sonal coal 




storage. 


12.90 


13.16 


2.90 


4.45 


2.45 


4.68 


3.35 


5.40 


2.90 


3.24 


2.90 


4.59 


2.45 


4.81 


3.35 


5.15 


2.90 


2.79 


2.90 


3.93 


2.45 


4.16 


3.35 


5.40 



Total cost 
in plant 
bunkers. 



$6.06 
7.35 
7.13 
8.75 
6.14 
7.49 
7.26 
8.50 
5.69 
6.83 
6.61 
8.75 
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Table 98. — Cost of bituTninoiu coal per short ton at destination points in the superpower zone — Ck>ntiDued. 



Loadomter. 



New Haven 



Hartford 



Northampton. 



Albany and Poughkeepeie. 



New York, Newarl^, and New BrunB- 
wick. 



Trenton. 



Harriflburg. 



Philadelphia, Wilmington, Baltimore, 
and Waahington. 



ICining district. 



Clearfield 
....do... 
Fairmont 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont 
Clearfield 
....do... 
Fairmont 
Clearfield 
....do... 
Fairmont 



Pertod. 



1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 

1919 
1925-1930 
1925-1930 



Price at 
mines. 



$2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 
2.90 
2.90 
2.45 



Freight, 
taxes, in- 
surance, 

and sea- 
sonal coal 

storage. 



$2.68 
3.81 
4.18 
3.06 
4.33 
4.55 
3.42 
4.83 
5.07 
2.42 
3.43 
3.80 
2.32 
3.35 
3.66 
2.23 
3.17 
3.40 
1.77 
2.53 
2.77 
2.15 
3.05 
3.27 



Total cost 
in plant 
binuxTS. 



$5.58 
6.71 
6.63 
5.96 
7.23 
7.00 
6.32 
7.73 
7.52 
5.32 
6.33 
6.25 
5.22 
6.25 
6.11 
5.13 
er.07 
5.85 
4.67 
5.43 
5.22 
5.05 
5.95 
4.72 



OWNERSHIP OF COAL MINES. 

No advantage has been found in the ownership of coal mines by the power company to 
offset the elimination of the flexibility of supply, the increase in initial investment, the additional 
administrative cost, and the hazard common to mining enterprises. 

. COAIi STORAGE. 

A 360,000-kilowatt plant at an annual capacity factor of 60 per cent will use 1,260,000 short 
tons of bitimiinous coal a year. Storage of six months' coal supply for such a plant will therefore 
require 630,000 tons. Coal storage in this amoimt might appear excessive, but the following 
advantages are evident: (1) It would absolutely prevent interruption of service due to lack of 
fuel. (2) It would permit the purchase of coal at the lowest market price. Where facilities 
for coal storage are scanty, the purchase of coal in the spot market at times of shortage and 
without regard to quality results in an excessive expense, which would more than offset the cost 
of adequate storage facilities. (3) It would effect partial stabilization of the mining and the 
transportation industries through bringing about a more uniform demand for fuel and thus 
tending to increase the operating load factor of these two industries. It is equaUy obvious that 
this would be a step toward reducing the price of fuel to the consumer because it would be a step 
in the reduction of cost of mining and transportation. 

There has been some discussion with regard to the ownership by the superpower system of 
either coal cars or railroad routes or both, but it has been concluded that the superpower system 
should confine its activities to the production of power and the storage of coal. 

The cost of coal storage is included in the production cost of the superpower system. 



APPENDIX K. 

USE OF PROCESS FUELS AND PULVERIZED COAL FOR BASE-LOAD STEAM 

ELECTRIC PLANTS. 



By O. P. Hood and others of the engmeering staff. 



CONCIiUSIONS RELATIVE TO THE USB OF PROCESS FUELS. 

In considering the use of process fuels by base-load steam-electric stations it has been 
necessary to fix certain limitations to the study, which must necessarily be a general one covering 
the entire superpower zone. The study was therefore confined to processes that had reached 
the stage of commercial development. The fixed charges against the investment cost in the 
by-product plants have invariably been taken at 20 per cent — 10 per cent for the cost of money, 
8 per cent for depreciation and obsolescence, and 2 per cent for taxes and insurance. At the 
same time the operating costs have been taken at $1.35 per ton of coal carbonized, and the 
prices credited for by-products are those given below. 

In a base-load steam-electric plant under present conditions coal must generally be used 
in the raw form in order to produce cheap power. Local conditions will justify certain excep- 
tions to this practice. At large centers of population it may be found profitable to install 
procesa-fuel plants in conjunction with base-load steam-electric stations if the gas produced 
by the plants can be sold at a profit, particularly where a process is used that will yield gas 
which has a very high heating value and which can be used to enrich water gas made by the 
gas companies. 

Coal is subjected to a preliminary process for two purposes — to place its energy in a more 
desirable form and to recover valuable products. If power is produced by the use of either coke 
or gas from process-fuel plants the value of the remaining products, when credited to the cost of 
such fuels, is not sufi&cient to reduce the cost below that of raw coal. As certain by-products 
are essential in time of war regardless of cost, however, it is desirable in selecting a site for a 
superpower plant to provide space for a processing plant. 

. Accordingly, provision is made in the estimated costs for base-load steam-electric plants 
both for the location of process^fuel plants and for boiler-room construction that will permit 
the use of process fuel at a later date if it is found advisable. 

SOURCES OF PROCESS FUELS, 

Four soxuroes of process fuels for base-load steam-electric plants have been considered — 
by-product coke-oven plants furnishing coke, by-product coke-oven plants furnishing gas, 
lowrtemperature distillation plants furnishing semicarbocoal, and bituminous gas producers 
furnishing gas. 

The credits used for by-products are as follows: 

Gas, 30 cents per thousand cubic feet. 
Tar, 4 cents per gallon, 
light oils, 15 cents per gallon. 
Ammonium sulphate, 2} cents per poimd. 
Coke, including breeze, 110 per short ton. 

The base-load steam-electrio plants for which process fuel will be furnished are assumed 
to be 300,000-kilowatt plants having an annual capacity factor of 70 per cent. Sufficient 
process-fuel plant capacity must be provided to meet variations in the load of the steam-electric 
plants. 

63361*— 21 15 223 
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The average cost of gas coal for carbonization is taken at $6.11 per short ton; the cost 
of Clearfield coal used directly in the power plant is taken at $6.25 per short ton. 

For process-fuel plants the unit operating cost exclusive of fuel has been placed at $1.35 
per short ton of coal carbonized, and the fixed charges have been taken at 20 per cent. 

Table 99 gives the result of this study. With the exception of gas from by-product coke- 
oven plants, process fuel is shown to cost more than coal. Moreover, the heavy investment 
required for a coke-oven plant producing gas as the process fuel, combined with the transpor- 
tation difficulties in distributing the by-products, makes its use as a source of process fuel 
impracticable. The coke produced by one such plant would amount to 26 per cent of the 
total present coke requirement of the superpower zone, and even if the existing coke-producing 
facilities in the zone are ignored, it would require only four plants of this size to satisfy the 
entire coke demand of the zone. Furthermore, over 760 special railroad cars daily would be 
required to distribute the coke output of one such plant to its market and at the same time 
about 590 cars additional to bring the coal to the plant. Compared to this, only about 70 
cars a day would be needed to convey coal to the 300,000-kilowatt steam-electric plant burning 
raw coal. 

For low-temperature distillation plants the by-products have been credited at $4.22 per 
short ton of coal carbonized, which is 28 cents less than the credits claimed by the Carbo Coal 
Co., but this difference is immaterial, because to make this process profitable imder present 
conditions more than $5.15 per short ton of coal carbonized must be realized from the by- 
products. Although the carbocoal process has been selected for analysis, as it is further ad- 
vanced technically than any of the other low-temperature distillation processes, semicarbocoal 
has not yet been used extensively in large power plants. 

It is fundamentally necessary, where the processing of fuel is combined with the production 
of power, that a minimum number of heat imits be lost to the steam-electric plant. Tar, oils, 
and ammonium sulphate contain relatively few heat units, and therefore in the recovery of 
these by-products a large portion of the original heat units remain available for making steam. 

The results set forth above justify the conclusions given in the preceding section. 

USE OF GAS FROM PROCESS-FUEL PliANTS IN INTERNAIj-COMBUSTION 

ENGINES. 

Gas engines have a higher thermal efficiency than prime movers that use steam, but they 
are so deficient in other characteristics that they can not at present be considered for super- 
power plants. The gas engine has not been developed in units of a size comparable with steam, 
turbines, and investment and production costs for gas engines are much higher. These dis- 
advantages outweigh- the advantage gained by their higher thermal efficiency. 

PULVERIZED COAIj. 

Pulverized coal has been successfully used in cement kilns and metallurgic furnaces for 
some time, but it is only in recent years that sufficient progress has been made in its adaptation 
to boiler fiimaces to warrant its consideration. However, no large power plants have used 
this form of fuel long enough to give a reliable indication of the results. 

As the future development of firing pulverized fuel may warrant its substitution for stokers, 
provision is made in the power station for sufficient combustion-chamber volume to allow the 
installation to be quickly and cheaply changed. 
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Table 99.- 



COST. 

-Relative cost of process fuel and of coal for SOOtOOO-tilowatt base-load steam-electric plants for the superpower 

system. 



Baw-fuel plant: 

Annual capacity factor per cent. , 

Clearfield coal required per year for stoker operation, 

short tons 

FtocesB-fuel plant: 

Annual capacity factor per cent. . 

Carbonization capacity: 

Daily short tons. 

Per year do 

Resulting coke or semicarbocoal do 

Investment required : 

Total 

Per cent of investment in power plant 



Annual operating expense. 
Annual fixed charges 



Total annual production expense. 
Credit from by-products except coke 



Return from coke sold. 



Net annual cost of fuel 

Cost of 1,200,000 tons of Clearfield coal for use raw 

Difference: 

Total 

Per short ton of Clearfield coal 



Coke from 
by-product 
coke ovens. 



1, 



2, 
1. 



70 

200,000 

80 

6,850 
000,000 
410,000 

400,000 
45 



114, 
2, 



920,000 
880,000 



17, 
6, 



800,000 
240,000 



11, 560, 000 



11,560,000 
7,500,000 



4,060,000 
$3.38 



Gas from 
by-product 
coke ovens. 



70 

1, 200, 000 

70 

42,000 

10, 800, 000 

7, 550, 000 

$88,000,000 
280 



180,600,000 
17, 600, 000 



98, 200, 000 
16, 600, 000 



81, 600, 000 
75, 550, 000 



Semicarboceal 

from low- 
temperature 
distillation 
plants. 



70 

1,200,000 

80 

6,850 
2,000,000 
1,410,000 

$14, 400, 000 
45 



$14, 920, 000 
2,880,000 



17, 800, 000 
8,440,000 



9, 360, 000 



6, 050, 000 
7,500,000 



1,450,000 
~$1. 21 



9, 360, 000 
7,500,000 



1,860,000 
$1.55 



Oasfhan 

bitumJnoDS 

gasproduoen. 



70 

1,200,000 

70 

7,570 
1,930,000 



$22,710,000 
71 



$14,400,000 
4,542,000 



18,942,000 
6, 180, 000 



12,762,000 



12, 762, 000 
t, 500, 000 



5, 262, 000 
$4.38 



APPENDIX L. 

BASIC COSTS. 



By the engineemng staff. 



CONSTRUCTION COSTS. 

The costs for labor and materials in construction prevailing at midyear of 1919 are used 
unless otherwise specified. 

FIXED CHARGES AGAINST INVESTMENT. 

Fixed charges against investment have been subdivided into cost of money^ depreciation 
and obsolescence, and taxes and insurance. 

Cost of momey. — ^Ten per cent has been taken as the cost of money for investments of all 
classes. The term '*cost of money" is used to express the allowable return upon investment; 
it includes the rate of interest, discounts, and profit. The resulting final costs are the price at 
which enei^ can be sold by the superpower system with proper return upon its investment. 

Depreciation and obsolescence, — The charge for depreciation and obsolescence is varied to 
provide reserves on an annuity basis for the several classes of investment against which it 

is figured. The percentages used are as fol- 

^^^^- Percent. 

Steam-electric p<Jwer plants 4 

Hydroelectric power plants 3 

Hydraulic works 1 

Transmiflsion lines 2 

Substations 4 

Taxes and insurance. — The following 

percentages have been used for taxes and 

insurance: p^^^ 

Steam-electric power plants 2 

Complete hydroelectric developments 1. 5 

Transmission lines L 5 

Substations 2 
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ANNUAL ONOSS REVENUE IN THOUSANDS OF DOUARS 



FxouRB 61.— Relation of geneml expense to annual gross revenue for 60 
electrio>utility companies in the superpower sane. Amortlcatiaai fund, 
interest, taxes, and xniaoellaneous adjustments have been deducted. 



oeneraij expense. 

General expense includes provision for salaries and expenses of administrative officers, 
engineers, and legal counsel, salaries of clerks, claims, general stationery, printing, and store 
and stable expenses. Amortization, taxes, and insurance have been included under fixed 
charges rather than imder general expense. 

An examination of public-service commission records for 60 electric-utility companies in 
the superpower zone showed that general expense ranges from about 10.5 per cent for a gross 
annual revenue of $200,000 to about 3.5 per cent for a gross annual revenue of $5,000,000 or 
more, as is shown by figure 61. 

OVERHEAD CHARGES AGAINST CONSTRUCTION. 

The rate used for interest during construction is 7^ per cent, and this rate applied to the 
construction period for diflFerent classes of work results in the following charges : Steam-electric 
plants, 4i per cent; hydroelectric plants, 6 per cent; transmission lines and substations, 3 per 
cent. Taxes during construction are figured at 1 per cent. Superintendence, engineering, 
and contingencies are figured at 15 per cent. 
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APPENDIX M. 

STATIONS AND TRANSMISSION LINES OF ELECTRIC-POWER COMPANIES 

ENGAGED IN PUBLIC SERVICE. 



By A. H. HoBTON. 



The information given on Plate XI (in pocket) has been obtained from the power com- 
panies in the following manner: A proof map showing the stations and transmission lines of 
the pubUc-utility companies in each State included in the superpower zone was prepared from 
the best information that could be obtained. A section of this map showing the stations and 
transmission lines operated by each company was sent to that company, which was requested 
to examine the map and report to the Geological Survey any errors detected or any changes 
that should be made. From the corrections and additions thus received a revised map of each 
State was prepared. The location of the power stations and transmission lines of those com- 
panies which did not reply to requests for information was determined from available published 
sources. 

The maps were prepared to be published as separate State maps, and the accompanying 
map of the northeastern United States has been produced from these State maps by photo- 
lithography. The general outline of the superpower zone is shown on the map. In some of 
the congested areas in and around the large cities it was not possible to show all the power 
stations and transmission lines. However, the names and addresses of the companies that 
produce electricity for pubUc use are shown in the following list, which includes the names of 
all companies in each State, even though only a portion of the State is shown on the map. The 
information on the map for New England and New York represents conditions in 1919; for 
Pennsylvania, New Jersey, Maryland, the District of Columbia, and Delaware, 1920; and for 
Virginia, 1921. 

In this list the names of the operating companies are arranged in alphabetic order, and the 
corresponding file numbers assigned to them are in general arranged in numerical order. These 
file niunbers are those used by the Geological Survey in its list of public utilities engaged in the 
production or distribution of electric energy. Where the numerical order conflicts with the 
alphabetic order the latter is followed, but the file number is repeated in the proper place, with 
the name of the operating company. Disarrangement of the numerical order is due to changes 
in the ownership of companies and to the inclusion in the list of certain manufacturing companies 
which sell for public use a part of the cxirrent they generate for manufacturing and which are 
distinguished by a different system of file numbers. The generating stations of a company 
that operates more than one station are indicated by letters (A, B, C, etc.) placed after the file 
numbers, as 5905-A; the substations of a company that operates more than one substation are 
indicated by prefixing figures (1, 2, 3, etc.) to the file numbers, as 1-5985. The file number 
assigned to a company added to the list after consecutive numbers had been assigned to com- 
panies preceding and following it consists of the preceding number with a figure added, as 
5985-1. A file number that contains more than four digits indicates a company that is not 
engaged primarily in producing electric power or not operated as a pubUc utility. 
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Table 100. — EUctric-power companies engaged in public service in the States in which the svperpatver zone is situated. 

Connccticiit* 



No. 



900 
901 
902 
903 
904 
24095 
903 
906 



907 
920 



907 



909 
910 
911 
912 
24136 
913 



915 

24150 

917 



918 
24211 
920 
921 
922 
924 
951 
925 
927 
928 
929 
930 
931 



932 
934 
936 
938 
939 
942 
945 
946 
947 



24376 
949 



Operating company. 



Baltic Mills Co :. 

Beacon Fallfi Electric Co 

Bristol & Plainville Tramway Co 

Clinton Electric Light & Power Co 

Central Connecticut Power & light Co 

Cheney Bros 

Clinton Electric Light & Power Co 

Connecticut Co. : 

A : 

B 

C 

D 

F 

G 

H 

J 

See Connecticut Power Co 

Connecticut Light A Power Co. : 

A 

B 

C 

D 

Connecticut Power Co. : 

A 

B 

C 

D 

Danbury & Bethel Gas & Electric Light Co 

Danbury & Bethel Street Railway Co 

Danielson & Plainfield Gas & Electric Co 

Derby Gas Co 

Dunham Mills (Inc.) 

Eastern Connecticut Power Co. : 

A 

B 

C 

Essex Light & Power Co 

Farmineton River Power Co 

Hartford Electric Light Co.: 

A 

B 

Hartford <& Springfield Street Railway Co 

International Cotton Co 

See Connecticut Light & Power Co 

Kent Electric Li^ht & Gas Co 

Litchfield Electnc Light & Power Co 

liyme Electric Power Co 

Mlanchester Electric Co 

Meriden Electric Light Co 

Municipal electric plant 

do 

do 

South Norwalk Electric Works 

Municipal electric plant: 

A 

B 

Mystic Power Co 

New Hartford Electric Co 

New Milford Electric Light Co 

New York, New Haven & Hartford Railroad Co 

Northern Connecticut Light ic Power Co 

Peoples Ujght & Power Co 

Putnam Light & Power Co 

Ridgefield Electric Co 

RocKville-Willimantic Lighting Co. : 

A 

B 

C 

Scovill Manufacturing Co 

Shore Lino Electric Railway Co. : 

A 

B 

D 

F 



station. 



Baltic. 

Beacon Falls. 

BristeL 

Clinton. 

Leesville. 

Manchester. 

Clinton. 

Berlin. 
Bridgeport. 
Burrville. 
New Haven. 
West Haven. 
Hartford. 
Shelton. 
Danielson. 
Canaan, etc. 

Branford. 
Waterbury. 
Bulls Bridge. 
Stevenson. 

Canaan. 
Falls Village. 
Middletown. 
New London. 
Danbury. 

Do. 
Plainfield. 
Derby. 
Poquonock. 

Montville. 

Tunnel. 

Hallville. 

Essex. 

Windsor. 

Tariff\ille. 

Dutch Point. 

Warehouse Point. 

New Hartfwd. 

Branford, etc. 

Kent. 

Bantam. 

Lyme. 

South Manchester. 

Meriden. 

Jewett City. 

East Norwalk. 

Norwich. 

South Norwalk. 

Wallin^ford. 
North Haven. 
Westerly. 
New Hartford. 
New Milford. 
Coscob. 

Windsor Locks. 
Danielson. 
Mechanics ville. 
Ridgefield. 

Rock ville. 
Stafford. 
Willimantic. 
Waterbury. 

Say brook. 
Thames ville. 
Mystic. 
New London. 



J 
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Table lOO.^-EUctrio-power companies engaged in public urvice in the Stales in which the superpatoer gone is situated — Con. 

Contteclleat— Contlnaed. 



No. 



950 
930 
951 
952 
953 
955 
957 
958 
960 



963 
24773 
965 
966 
24095 
24136 
24150 
24211 
24376 
24473 



Operating company. 



Statlan. 



Simsbiiry Electric Co 

South Norwalk Electric Works... 

Manchester Electric Co 

Stamford Gas & Electric Co 

Talcott Bros 

Torrinzton Electric Light Co 

UncasPower Co 

Union Electric Light A Power Co 
United lUuminatiiig Co. : 

A 

B 

Weetport Water Co 

Wincnester Repeating Arms Co. . . 

WinstedGasCo 

Woodbury Electric Co 

Cheney Bros 

Dunham Mills (Inc.) 

Farmihgton River Power Co 

International Cotton Co 

Scovill Manufacturing Co 

Winchester Repeating Arms Co. . . 



Simsbury. 
South Norwalk. 
South Manchester. 
Stamford. 
Talcott\ille. 
Torrington. 
Windham. 
Unionville. 

Bridgeport. 
New Haven. 
Westport. 
New Haven. 
Winsted. 
Woodbury. 
Manchester. 
Poquonock. 
Windsor. 
New Hartford. 
Waterbury. 
New Haven. 



DIatrict of Cohiinbto. 



1051 

1051-1 

1052 



1053 
1054 



Capital Traction Co 

East Washington Heights Traction Railroad Co 
Potomac Electric Power Co.: 

A 

B 

Washington Railway & Electric Co 

Washington- Virginia Railway Co 



Geor^town. 
Washington. 

Bennings. 
Fourteenth Street. 
Washington. 
Do. 



Main*. 



3300 



3347 
3301 
3302 



3303 



3304 
3305 
3306 
3307 
3309 
3310 
3313 
3314 
3315 
3318 



3319 
3320 
3321 



Androscoggin Electric Co.: 

A 

B 

C 

D 

Androscoggin & Kennebec Railway Co 

Aroostook Valley Railroad Co 

Atlantic Shore Railway Co. : 

A 

B 

D 

Bangor Power Co.: 

A 

B 

Baneor Railway & Electric Co 

BarHarbor & tJnion River Power Co.. 

C. H. Bartlett Manufactiuing Co 

Belgrade Power Co 

Beriivick & Salmon Falls Electric Co. . . 

Bethel Light Co 

Bridgewater Electric Co 

Bridgton Water & Electric Co 

Brown ville Electric Light & Power Co, 
Calais Street Railway Co. : 

A 

B 

Carrabassett Light & Power Co 

Caribou Water, Light & Power Co 

Central Maine Power Co. : 

A 

B 

C 

D 

E 

F 

G 



Barkers Mills. 
Deer Rip No. 1. 
Lewiston No. 4. 
Littlefield No. 2. 
Hallowell. 
Presque Isle. 

Estes. • 

Eennebunkport. 
Old Falls. 

Milford. 

Veazie. 

Bangor. 

Ellsworth. 

North New Portland. 

Belgrade. 

South Berwick. 

Bethel. 

Bridgewater Center. 

Bridgton. 

Brown ville. 

Calais. 

Do. 
North Anson. 
Caribou. 

Augusta. 

Bath. 

Belfast. 

Brunswick. 

Benton. 

Fairfield. 

East Orland. 
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MafaM—CobtinaAd. 



No. 



3321 



3322 
3323 
3324 
3325 



3326 
3327 
3329 
3330 
3333 
3334 
3336 
3337 
3338 
3339 
3340 
3341 
35743 
3343 
3344 
3346 
3347 
3348 
3349 
3376 



3350 
3351 
3352 
3354 
3355 
3354 
3356 



3357 
3358 
3359 
3360 
3361 
3363 
3364 
3365 
3366 
3367 
3368 



Operating oomiMny. 



3370 



Central Maine Power Go. — Continued. 
H 



J.. 
K. 
L.. 
M. 

N.. 
P.. 
R.. 
T.. 

v.. 

W.. 
X.. 
Y.. 

AA. 



Cherryfield Electric Light Co 

Clark Power Co 

Comiflh ic Kezar Falk Light & Power Co. 
Cumberland County Power ic Light Co.: 
A 



B. 
C. 
D. 
E. 
F. 
G. 



Danforth Electric light Co 

Dennifltown Power CS 

Easton Electric Co 

'Eaatport Electric Light Co 

Farmington Power Co 

Fort Fairfield Light & Power Co 

Fort Kent Electric Co 

Franklin Light & Power Co 

Fryeburg Electric Light Co 

Gould Electric Co. ..'.... 

Hartland Electric Light Co 

Houlton Water Co 

International Paper Co 

Island Lighting Co 

Vinalhaven Light ic Power Co 

Kingfield light Co 

Androecoggin & Kennebec Railway Co. 

Western Maine Power Co 

Limestone Light & Power Co 

Lincoln County Power Co.: 

lisbon Falls Electric Co 

Livermore Falls Light & Power Co 

Wadiington County Light & Power Co. 

Merrill Mill Co 

Mallison Power Co 

Merrill Mill Co 

Milo Electric Light & Power Co.: 

A 

B 

Monmouth Electric Co 

Monson Lirfit & Power Co 

Monticello Electric Co 

G. H. Mooers 

Municipal electric plant 

do 

do 

do 

do 

Oquoesoc Light & Power Co 

Oxford Electric Co.: 

A 

B 

C 

Pennamaquam Power Co 



station. 



Fairfield. 

Farmingdale. 

East Dover. 

Greenville. 

Bumham. 

Union Gas. 

Skowh^an. 

Do. 
Water ville. 
Oakland. 
Winslow. 
Rice Rips. 
8kowhe|;an. 
Brunswick. 
Cherryfield. 
Union Falls. 
Kezar Falls. 

Bonny Eaffle. 

North Gornam. 

Bar Mills. 

West Buxton. 

Hiram. 

Forest Avenue. 

Plum Street. 

Danforth Village. 

Jackman. 

Easton. 

Eastport. 

Farmington. 

Fort Fairfield. 

WallagrasB. 

Anson. 

Fryeburg. 

Presque isle. 

Hartland. 

Houlton. 

Livermore Falls. 

Island Falls. 

Vinalhaven. 

Kingfield. 

Hallowell. 

Limerick. 

Limestone. 

Damariscotta Mills. 

Bristol. 

Boston, Mass. 

Livermore Falls. 

Machias, etc. 

Patten. 

South Windham. 

Patten. 

MUo. 

Sebec. 

Monmouth. 

Monson. 

Monticello. 

Ashland. 

Bangor. 

Kennebunk. 

Le\vi8ton. 

Madison. 

Newport. 

Kennebago Falls. 

Mechanic Falls. 
Norway. 
South Paris. 
Pembroke. 
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Table 100. — EleetriO'power oompantM engaged in public urviee in the States in tMeh the superpower zone i$ fittuilec/— <3on. 

MafaM— ConUttued. 



No. 



3373 

3376 

3377-1 

3378 



3379 
3382 
3383 
3385 
3388 
3389 
3390 
3391 
3391-1 
3392 
3344 
3352 



3348 
3395 
3396 
3397 
35799 
3400 
3401 
3403 
3404 



35743 
35799 



Openting oompuiy. 



Phillips Electric li^t <fc Power Go 

lincom County Power Co 

Portsmouth, Dover A York Street Railwmy Co 
Fteeumpecot Electric Co.: 

A 

B 

C 

D 

Readfield Light & Power Co 

Rumford FaUB Light & Water Co 

Rumiord Falls Power Co 

Somenet Traction Co 

Stratton Electric light Co 

Swan Falls Co 

C. A. Thompson <& Co 

Turner Light db Power Co 

Turner Transformer Co 

Van Buren Li^ht & Power district 

Yinalhaven Light & Power Co 

Washington County Light & Power Co.: 

A 

B 

Western Maine Power Co 

Westfield Electric Co : 

A. Ge<nge Weymouth 

Wilton Light Co 

Wing Spool A Bobbin Co 

"V^nUirop & Wayne Light & Power Co 

Wiscasset Electric Light & Power Co 

Yarmouth Lid^ting Co 

York County Power Co.: 

A 

B., 

International Paper Co 

Wing Spool A Bobbin Co 



Stetlon. 



PhilHps. 

Damariscotta Mills, etc. 
Eittery Point. 

Dundee. 
Eel Weir. 
Saccaiappa. 
Smelt Ilill. 
Readfield. 
Rumford. 

Do. 
Skowhegan. 
Eustis. 
Pryeburg. 
New Sharon. 
Turner. 
South Turner. 
Van Buren. 
Yinalhaven. 

Machias. 

Pleasant River. 

Limerick. 

Westfield. 

Farmington Falls. 

WUton. 

Kingfield. 

Winthrop. 

Wiscasset. 

Yarmouth. 

Biddeford. 
Sanford. 

Livermore Falls. 
Kingfield. 



Manrlud. 



3500 
3501 
3502 
3504 
3505 
3506 
3508 



3509 

3510-1 

3511 

3513 



3514 
3513 
3516 
3517 



3518 
3519 



3520 
3521 
3522 
3523 
3524 
3525 



Annapolis Public Utilities Co 

Antietam Electric Light A Power Co 

Baltimore County Electric Co 

Baltimore, Haleuiorpe & Elkridge Railway Co 

Baltimore, Sparrows Point & Chesapeake Ilailway Co 

Bflkltimore & Bel Air Electric Railway Co '. — 

Bel Air Electric Co.: 

A 

B 

E. A. C. Bucky 

Capital Traction Co 

Ohestertown Electric Li^ht & Power Co 

Consolidated Gas, Electric light A Power Co.: 

A 

C 

Consolidated Public Utilities Co 

O/onsumers Ice Co 

Cumberland Electric Railway Co 

Cumberland & Westemport Electric Railway Co.: 

A 

B 

Delmarvia Utilities Co 

Eastern Shore Gas & Electric Co.: 

A 

B 

C 

Edison Electric Illuminating Co 

Electric Ice Manufacturing Co 

Elkton Electric Light & Power Co 

Emmitsburg Electric Co 

Gilpins Falls Electric Co 

Hagerstown & Frederick Railway Co 



Annapolis. 

Breathedsville. 

Baltimore. 

Do. 

Do. 
Bel Air. 

Bel Air No. 1. 
Bel Air No. 2. 
Union Bridge. 
Chevy Chase. 
Chestertown. 

Ilchester. 

Westport. 

Westminster. 

Crisfield. 

Cumberland. 

Clarysville. 
Reynolds. 
Ocean City. 

Denton (hydroelectric), 

Salisbury. 

Denton (steam). 

Cumberland. 

Pocomoke City. 

Elkton. 

Emmitsburg. 

Gilpins Falls. 

Security. 
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Table 100. — Electriopower companies engaged in public service in the Stales in which the superpower zone is situated — Con. 

Marjtand— Continued. 



No. 



3526 
3526-1 
3527 
3528 
3530 
3531 
3532 
3533 
3534 
3535 
3536 
3537 
3538 
3540 
3541 
3542 
3543 
3543-1 
3543-2 
3544 
3545 
3545-1 
3546 
3549 
3550 
3551 
3552 
3555 
3551-1 
3557 
3558 
3559 



3560 



Operating company 



Havre de Grace Electric Co 

Hillsboro Lig:hting Co 

Home Electric Li^ht Co 

Home Manufacturing Light & Power (^o 

Kensington Railway Co. & Sandy Spring Railway Co. 

Lorraine Electric Sailway 

Maryland Electric Railways Co 

Midland Electric Light Co' 

Mountain Lake Park Association 

Mount Washington Electric Light & Power (^o 

Municipal electric plant 

do 



do. 
do. 
do. 
do. 
do. 
.do. 
.do. 
.do. 



New Windsor Electric Light & Water Co 

Northern Maryland Electric Co 

Oakland Electric Co 

Perryville Electric Co 

Port Deposit Electric Co 

Princess Anne Electric Plant 

St. Michaels UtilitieB Commission 

Snow Hill Electric Light & Power Co 

Stockton Electric Light Co 

Towson & Cockeysville Electric Railway Co 

Union Bridse Electric Manufacturing Co 

United Railways & Electric Co.: 

C 

D 

Washington, Baltimore <& Annapolis Electric Railroad Co. 



Station. 



Havre de Grace. 

Hillsboro. 

Lonaconing. 

Elkton. 

Kensington. 

Baltimore. 

Annapolis. 

Midland. 

Mountain Lake Park. 

Baltimore. 

Aberdeen. 

Berlin. 

Centerville. 

Easton. 

Frederick. 

Hagerstown. 

Laurel. 

Queenstown. 

Rock Hall. 

Williamsport. 

New Windsor. 

Oxford, Pa. 

Oakland. 

Perryville. 

Port Deposit. 

Princess Anne. 

St. Michaels. 

Snow HUl. 

Stockton. 

Bel Air. 

Union Bridge. 

Owinga Mills, Baltimore. 
Pratt Street, Baltimore. 
Baltimore. 



3601 
3602 
3603 
3604 
3605 



3607 
3608 
3609 
3610 



3611 
3612 
3614 
3616 



3618 
3620 
3621 
3622 
37440-1 
3623 
3626 
3627 



Agawam Electric Co 

American Woolen Co 

Amesbury Electric Light Co 

Amherst Gas Co 

Athol Gas & Electric Co.: 

A 

B 

C 

AtUeboro Steam & Electric Co 

Ayer Electric Light Co 

Eastern Massachusetts Street Railway Co 
Berkshire Street Railway Co. : 

A ,.. 

B 

Beverly Gas & Electric Co 

Blackstone Electric Light Co 

Blue Hill Street Raihroad Co 

Boston Elevated Railway Co. : 

A 

B 

C 

D 

E 

F 

Boston <& Worcefiter Street Railroad Co. . . 
Brockton & Plvmouth Street Railway Co 

Buzzards Bav 'felectric Co 

Cambridge Electric Light Co 

Cape Cod Cold Storage Co 

Central Massachusetts Electric Co 

Charlemont Electric liight & Power Co. . . 
Charlestown Gas & Electric Co 



Springfield. 
Maynard. 
Amesbury. 
Amherst. 

Athol. 

Wendell Depot. 
Farley. 
Attleboro. 
Ayer. 
Byfield, etc. 

Pittsfield. 

Zylonite. 

Beverly. 

Blackstone. 

Canton. 

Central. 

Charlestown. 

Dorchester. 

Cambridge. 

Lincoln. 

South Boston. 

Framingham. 

Plymouth. 

Faimouth. 

Cambridge. 

Provincetownl 

Blanchard\ille. 

Charlemont. 

Charlestown. 



STATIONS AND TRANSMISSION LINES OF ELECTRIC-POWER COMPANIES. 



233 



Table 100. — EUetne-power companies engaged in public service in the States in which the superpower zone is situated — Con. 

Maasachnaetts— Continued. 



No. 



Operating company. 



Station. 



3628 
3629 
3630 
3631 
3633 
3633-1 
3609 



3634 
3636 



3637 
3638 
3639 
3640 
3641 



3642 
3643 
3644 
3646 



3648 
3649 
3950 
3651 
3653 
3655 
3656 
3658 
3660 
3662 
3664 
3665 
3666 
3667 
3669 
3669-1 



3671 
3672 
3673 
3675 
3676 



3677 
3678 
3679 
3681 
3682 
3683 
3684 
3684-1 
3685 
3686 
3687 



Chester Electric Light Co Chester. 

Citizens Gas, Electric Light & Power Co Nantucket. 

Clinton Gas Light Co Clinton. 

Concord, Maynard & Hudson Street Kailroad Co Maynard. 

Conway Electric Street Railway Co \ Conway. 

Eastern Massachusetts Electric Co Boston. 

Eastern Massachusetts Street Railway Co. : 

A : 



B. 
C. 

D. 

E. 

F. 

H 

J. 

K 

L. 

M 

N. 



Easthampton Gas Co 

Edison Electric Illuminating Co. of Boston: 

A 

D 

Edison Electric Illuminating Co. of Brockton 

Electric Light & Power Co. of Abington and Rockland 

Fall River Electric Light Co 

Fitchburg Gas & Electric Light Co 

Fitchbuig & Leominster Street Railway Co. : 

A 

B 

Frtmklin Electric Liffht Co 

Gardner Electric Lirabt Co 

Gloucester Electric Co 

Greenfield Electric Light & Power Co.: 

A 

B 

Haverhill Electric Co 

Holyoke Street Railway Co 

Holyoke Water Power Co 

Huntington Electric Light Co 

Interstate Consolidated Street Railway Co 

Lawrence Gas Co 

Lee Electric Co 

Leominster Electric light & Power Co 

Lowell Electric Li^ht Corporation 

Ludlow Electric Light Co 

Lynn Gas<& Electric Co 

Maiden Electric Co 

Manchester Electric Co 

Marlboro Electric Co 

Merrimac Valley Building & Power Co 

Metropolitan District Commission: 

A 

B 

Middletown Electric light Co 

Milford, Attleboro & Woonsocket Street Railway Co... 

Milford Electric Light & Power Co 

Mill River Electric Co 

Monument Mills: 

A 

B 

Municipal electric plant 

do 



do. 
do. 
do. 
do. 
do. 
do. 



Pepperell Electric Light & Power Co. 

Municipal electric plant 

do 



Bvfield. 

Cdelsea. 

Essex Falls. 

Gloucester. 

Haverhill. 

Hyde Park. 

Lawrence. 

Quincy. 

Lynn. 

Salem. 

Wobum. 

Lowell. 

Montague City. 

South Boston. 
Atlantic Avenue. 
East Bridgwater. 
North Abington. 
Fall River. 
Fitchburg. 

Do. 

Do. 
Turners Falls. 
Gardner. 
Gloucester. 

Greenfield. 
Gardner Falls. 
Haverhill. 
Holyoke. 

Do. 
Huntington. 
Springfield. 
Lawrence. 
Lee. 

Leominster. 
Lowell. 
Ludlow. 
Lynn. 
Maiden. 
Manchester. 
Marlboro. 
Amesbury. 

Wachusett. 

Sudbury. 

Middletown. 

Unionville. 

Boston. 

Williamsburg. 

Stockbridge No. 1. 

Stockbridge No. 2. 

Ashbumham. 

Belmont. 

Boylston Center. 

Chicopee. 

Concord. 

Danvers. 

East Braintree. 

Georgetown. 

East Pepperell. 

Groton. 

Groveland. 
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Table 100. — EUctric'power companies engaged in public service in the States in which the superpower zone is siiuaUdr-~Cc8L 



No. 



Operating company. 



3688 

3689 

3690 

3691 

3692 

3693 

3694 

3695 

3696 

3697 

3698 

3699 

3700 

3725 

3701 

3702 

3704 

3705 

3706 

3707 

3708 

3709 

3710 

3711 

3712 

3713 

3714 

3717 

3719 

3720 



3721 
3722 
3723 
3724 
3725 
3727 
3729 
3685 
3734 



3735 
«739 
3740 
3741 
3742 
3743 
3744 
3745 
3746 
3747 
3749 
3751 
3752 
3755 



3756 
3757 
3758 
3759 



Municipal electric plant. 
do 



do. 
do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



New Bedford Gas & Edison Light Co. 

Newburyport Gas & Electric Co 

New England Power Co.: 

A 



B 

C. 

D. 

E. 

F. 



Norfolk & Bristol Street Railway Co 

North Adams Gas Light Co 

Northampton Electric Lightine Co 

Northampton Street Railway Co 

Municipal electric plant 

Norton Power & Electric Co 

Norton, Taunton & Attleboro Street Railway Co. 

Pepperell Electric Light & Power Co 

Pittsfield Electric Co.: 

A 

B 

Plsnnouth Electric Light Co 

Provincetown Light £ Power Co 

Quincy Electric Light & Power Co 

Randolph & Hoi brook Power & Electric Co 

Salem Electric Lifting Co 

Seekonk Electric Co 

Shelbume Falls & Colerain Street Railway Co. . 

Shirley Electric Co 

Southeastern Massachusetts Power & Electric Co. 

Spencer GaB Co 

Southern Berkshire Power & Electric Co 

Suburban Gas & Electric Co 

Sunderland Electric Li^t & Power Co 

Turners Falls Power & Electric Co. : 

A 

B 

C 

Tyngsboro Electric Light Co 

Union Light & Power Co 

Union Street Railway Co 

United Electric Light Co.: 

A ) 

B 

C 



Station. 



Hinsham. 

Holaen. 

Holvoke. 

Hudson. 

HuU. 

Ipswich. 

Littleton. 

Lunenbuiig. 

Mansfield. 

Marblehead. 

Merrimac. 

Middleboro. 

North Attleboro. 

North Dana. 

Norwood. 

Peabody. 

Reading. 

Rowley. 

Shrewsbury. 

South Ha<fley. 

Sterling. 

Taunton. 

Templeton. 

Wakefield. 

Wellesley. 

West Boylston. 

Westfield. 

New Bedford. 

Newburyport. 

Deerfield No. 5. 
Deerfield No. 2. 
Deerfield No. 3. 
Deerfield No. 4. 
Fitchburg. 
Uxbridge. 
South Wdpole. 
North Adams. 
Northampton. 

Do. 
North Dana. 
Chartley. 
Norton. 
East Pepperell. 

Silver Lake. 

Pittsfield. 

Plymouth. 

Provincetown. 

Quincy. 

Randolph. 

Sajem. 

Seekonk. 

Shelbume Falls. 

Shirley. 

Marion. 

Spencer. 

Great Banington. 

Revere. 

Sunderland. 

Hampden. 
Turners Falls. 
Cabot. 
Tyngsboro. 
Franklin. 
New Bedford. 

Indian Orchard. 
Bircham Bend. 
Springfield. 



k 



J 
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Tabub 100. — EUctriC'power companies engaged in public service in the Stales in which the superpower zone is sUuated^-CcsL 

Ml— ■<' hnmwi ti ContlmMd. 



No. 



Operating compuiy. 



Station. 



3760 



.3761 
3764 
3764-1 
3765 
3766 
3767 
3768 



3769 

3770 

37440-1 



Vinevard Lighting Co.: 

Ware Electric Co 

Webster & Southbridge Gas A Electric Co. . 

Westfield Power Co 

Weymouth Light & Power Co 

Wifliamstown Gas Co 

Winchendon Electric Light & Power Co. . . 
Worcester Consolidated Street Railway Co. : 

B 

C 

D 

E 

Worcester Electric light Co 

Worcester Suburban Electric Co 

Cape Cod Cold Storage Co 



Vineyard Haven. 
Oak Bluffs. 
Ware. 
Webster. 
Westfield. 
East Weymouth. 
Williamstown. 
Winchendon. 

Leominster. 
Milbury. 
Northboro. 
West Berlin. 
Webster Street. 
Uxbridge. 
Province town. 



New Hampohlr*. 



5400 
5401 
5402 



5403 
5404 
5405 
5406 
5407 
5408 
5410 
5412 
5414 
5415 
5406 



5416 
5417 
5418 
5422 
5423 
5424 



5425 
5425-1 



5426 
5427 
5429 
5430 
5431 
5432 



5433 



5435 



William F. Allen Light Co 

Alton Electric Light & Power Co 

Antrim-Bennington Electric Light & Power Co.: 

A 

B 

Municipal Electric Commission 

Berlin Street Railway Co 

Bethlehem Electric Co 

See Concord Electric Railways 

Bradford Light Sc Power Co 

Bristol Electric li^ t Co 

Canaan & Enfield Electric Co 

Vermont BEy dro Electric Corporat'on 

Cloutman (jas & Electric Co 

Concord Electric Co 

Concord Electric Railways: 

A 

B 

Contoocook Electric light Co 

Conway Electric Light & Power Co 

Deny Electric Co 

Exeter & Hampton Electric Co ^ . . . 

O. D. Fessenden 

Franklift Light & Power Co.: 

A 

B 

Goodrich Falls Electric Co 

Grafton County Electric Light & Power Co.: 

A 

B 

C 

Greenville Electric Lighting Co 

Groveton Electric Light Co 

Hillsboro Electric Light ic Power Co 

Hollis Electric Light Co 

Jones & Linscott Electric Co 

Keene Gas & Electric Co.: 

A 

B 

C 

D 

E 

Laconia Gas & Electric Co. : 

A 

B 

Lisbon Light & Power Co. : 

A 

B 

C 



West Stewartiitown. 
Alton. 

Antrim. 

Bennincton. 

Ashland. 

Gorham. 

Bethlehem. 

Franklin, etc. 

Bradford. 

Bristol. 

Raymond. 

Clflo^emont. 

Farmington. 

Sewalls Falls. 

Franklin. 

West Concord. 

Davisville. 

Center Conway. 

Derry. 

Exeter. 

South Brookline. 

Franklin. 
Salmon Brook. 
Goodrich Falls. 

West Lebanon. 

Lebanon. 

West Lebanon. 

Greenville. 

Groveton. 

Hilldboro. 

Hollis. 

Lancaster. 

Swanzey. 

Do. 
Dublin. 
Peterboro. 
Marlboro. 

Lochmere. 
Lakeport. 

Lisbon. 

Bath. 

Lisbon. 
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Table 100. — Electnc-power comp<m%e$ engaged in public service in the States in which the superpoioer zone is situated — Con. 

New Harapflhiro— Contixiucd. 



No. 



6437 



5442 
5443 
5403 
5444 
5445 
5447 
5448 
5450 



4645»-l 



5454 
5455 
5457 
5458 



5458-1 
5459 
5462 
5463 
5465 



5412 
5468 
5469 
5470 
5471 
5472 
46459-1 



Operating company. 



Manchester Traction, Light & Power Co. : 

A 

C 

D 

E 

F 

G 

Meredith Electric Light Co 

Milford Lirijt & Power Co 

Municipal Electric CommisBion 

Municipal electric plant 

do 

New Hampshire Water & Electric Power Co 
New Hampton Electric Light & Power Co. . 
Newport Electric Light Co. : 

Parker Young Co. : 

A 

B 

Pittsfield Light & Power Co 

Plymouth Electric light Co 

Raymond Electric Co 

Rockingham County Light & Power Co.: 

A 

B 

Rtunney Electric Co 

Salem Electric Light Co 

Sunapee Electric Light & Power Co 

Tilton Electric Lirfit & Power Co 

Twin State Gas <& Electric Co.: 

A 

B 

C 

Vermont Hydro Electric Corporation 

WentworUi-Hall Electric Co 

West Campton Electric Light Co 

Whitefield Electric Light Co 

Wonalancet Electric Co 

Woodsville Aqueduct Corporation 

Parker Young Co 



station. 



Brook Street. 
Garvin Falls. 
Greegs Falls. 
Hooksett. 
Kelleys Falls. 
Nashua. 
Meredith. 
Milford. 
Ashland. 
Littleton. 
Wolfeboro. 
Fitz William. 
New Hampton. 

Newport. 
Nortn Newx)ort. 

Lincoln. 
Do. 
Pittsfield. 
Plymouth. 
Raymond. 

Portsmouth. 

Durham. 

Rumney. 

North ^em. 

Sunapee. 

Tilton. 

Dover. 

Gorham. 

Milton. 

Claremont. 

Jaclraon. 

West Campton. 

Whitefield. 

Wonalancet. 

Woodsville. 

Lincoln. 



Newl 



5500 



5502 
5503 
5504 
5505 
5506 
5506-1 
5507 
5508 
5509 
5511 
5513 
5514 
5593 
5515 
5517 
5594 



5519 
5520 
5522 



Atlantic City Electric Co.: 

A : 

B 

C 

Atlantic City & Shore Railroad Co 

Atlantic Coast Electric Li^ht Co 

Atlantic Coast Electric Rsulway Co , 

Atlantic County Electric Co 

Atlantic & Suburban Railway Co 

Bamegat Li^ht A Power Co 

Blair Electric Light Co 

Boonton Electric Co 

Branchville Electric Power, Water & Lighting Co 

Brid^ton & Millville Traction Co 

Burlington County Transit Co 

CaUfon Electric iJight & Power Co 

Cape May Court House Light & Water Co 

Cape May Light & Power Co 

Central Paasenger Railway Co 

E. R. Collins & Son: 

A 

B 

Commonwealth Electric Co 

Consolidated Gas Co. of New Jersey 

Pennsylvania Utilities Co 



Atlantic City. 

Ocean City. 

Pleasantville. 

Atlantic City. 

Asbury Park. 

Allenhurst. 

Egg Harbor. 

Pl^uantville. 

Seaside Heights. 

Blairstown. 

Boonton. 

Branch\dlle. 

Bridgeton. 

Hainesport. 

Calif on. 

Cape May Court House 

Cape May. 

Atlantic City. 

Market Street, Belvidere. 

South Water Street, Belvidere. 

Summit. 

Long Branch. 

Columbia. 
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Table 100. — EUetrio-power compames engaged in public service in the States in which the superpower zone is situated— Con, 

Ncfw Jcraej— Continued. 



No. 



5523 



5524 
5524-1 
5525 
5526 
5527 
5528 
^29 
5530 
5531 
5533 
5534 
5536 
553&-1 
5537 
5538 
5540 
5541 



47543 
5542 
5543 
5544 
5546 
5547 
5548 
5549 
5550 
5551 
5525 
5553 
5554 
5555 
5556 
5557 
5557-1 
5558 
5559 
5560 
5561 
5562 



5564 
5565 

5565-1 
5566 

5566-1 
5567 
5568 
5569 
5522 
6571 
6575 



Operating company. 



Electric Co. of New Jeney: 
A 



B 



Electric Lights Power Co 

Eureka Power Co 

Five Mile Beach Electric Railway Co 

Flemington Electric Liffht. Heat & Power Co. 

Hackettstown Electric lignt Co 

Hammonton & Era^ Harbor City Gas Co 

Harriflon Heights Improvement Co 

Hoboken Shore Roaa 

Hunterdon Electric & Power Co 

Jameeburg Electric Co 

Jeney Central Traction Co 

Jersey Electric Co 

J. C. *Kennedv Electric Co 

Lakewood & Coast Electric Co 

Lambertvillo Public Service Co 

Millbum Electric Co 

Millville Electric Light Co.: 

A 



B. 



Millville Manufacturing Co. . ^ . 

MillviUe Traction Co 

Monmouth County Electric Co 

Monmouth Lighting Co 

Morris County Traction Co 

Morris Railroad Co 

Morris <& Somerset Electric Co. 

Municipal electric plant 

do 



do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 



New Egypt Light, Heat, Power & Water Co. 
New Jersey Power & light Co.: 

C 



D. 



New Jersey & Pennsylvania Traction Co 

New Jersey Water ik Light Co 

New York Edison Co 

Newton Gas & Electric Co 

Northampton. Easton & Washington Traction Co. 

North Jersey Rapid Transit Co 

Ocean CHty Electric Railroad Co 

Ocean Grove Camp Meeting 

Pennsylvania Utilities Co 

Phillipsburg Transit Co 

Public Service Electric Co. : 

A : 



B. 

D. 

E. 

F. 

G. 

H 

I. 

J. 

K 

L. 

N. 

O. 

P. 

R. 

8. 



station. 



Salem. 

Bridgeton. 

Hightstown. 

Trenton. 

Camden. 

Flemington. 

Hackettstown. 

Hammonton. 

Mullica HUl. 

Hoboken. 

High Bridge. 

Jamesburg. 

Keyport. 

High Bridge. 

Long Valley. 

Lakewood. 

Lambertville. 

Millbum. 

Sharp Street. 
Second Street. 
Millville. 

Do. 
Red Bank. 
Keyport. 
Momstown. 

Do. 

Do. 
AUentown. 
Andover. 

Atlantic Highlands. 
Butler. 
Chatham. 
Frenchtown. 
Madison. 
Oranffe. 
ParkKidge. 
Pompton Lakes. 
Seaside Park. 
South River. 
Vineland. 
New Egypt 

Dover. 

Boonton. 

Trenton. 

Deal Beach. 

Jersey City power hofoae. 

Newton. 

Port Colden. 

Paterson. 

Ocean City. 

Bradley Beach. 

Columbia. 

Phillipebuzg. 

Edgewater. 

Metuchen. 

Buckingham Avenue. 

Red Bank. 

City dock, Newark. 

Coal Street, Newark. 

Hoboken. 

Marion (Jersey City). 

Paterson. 

Camden. 

Burlington. 

Plainsboro. 

Trenton. 

Cranford. 

SecaucuB. 

Essex. 
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Table 100. — EUdrii^power companies engaged in public service in the States in which the superpower zone is silbujoUd—CiSftu 

N«w J«n07— ContinuMl. 



No. 



6576 
5577 
47551 
5580 
5581 
5582 
5584 
5587 
55S8 
5589 
5590 
5591 
5598 
5593 
5594 



5595 
5596 
5597 
5598 
5600 
5601 
47543 
47551 



Operating campany. 



Public Service Railway Co 

Rockland Electric Co. of New Jeney 

Sayre & Fiaher Co 

Sayreville Electric Light & Power Co 

Seacoast Traction Co 

Sea Isle City Electric Li^ht, Power d; Water Co. 

Stone Harbor Electric Light d Power Co 

TomB River Electric Co 

Trenton, Lakewood <& Seacoast Railway 

Trenton, lAwrence\'ille & Princeton Railroad Co 

Trenton & Mercer Co. Traction Corporation 

Trenton Street Railway Co 

Vulcan Power Co 

Cape May Court House Light & Water Co 

E.R. Collins & Son: 

A 

B 

Washington Electric Co 

West Jersey Electric Co 

West Jersey & Seashore Railroad Co 

Vulcan Power Co 

Woodbine Land & Improvement Co 

Woodboume Electric Light, Heat & Power Co . . 

MillviUe Manufacturing Co 

Sayre <fe Fisher Co 



station. 



Newark. 

Gloucester. 

Sayreville. 

Do. 
Seagirt. 
Sea Isle City. 
Stone Harbor. 
Toms River. 
Trenton. 

Do. 

Do. 

Do. 
NetcoM. 
Cape May Court House. 

Market Street, Belvidere. 

South Water Street, Belvidere. 

Washington. . 

Wildwood. 

Westville. 

Netcong. 

Woodbine. 

Woodboume. 

Millville. 

Sayreville. 



New York. 



5800 
5801 
6180 



5804 
5805 
5806 
5807 
5809 
5811 
5812 
5813 
5814 
5817 
5946 
5821 
5822 



5823 
5824 
5825-1 
5826 
5827 
5828 
5893 
5832 



5833 
5834 



Adams Electric Li^ht Co 

Addison Electric Light dc Power Co 

Adirondack Power & Light Corporation: 

t;v;:::::;::::::::::::::::;::::::: 

E 

F 

G 

H 

J 

K 

L 

Adrian Knitting Co 

Afton- Windsor Light, Heat & Power Co. (Inc.) 

Albany Southern Kailroad Co 

Antwerp Licrht & Power Co 

Atlantic Light & Power Co 

Auburn & Syracuse Electric Railroad 

Aurora Electric Light Co 

Ausable Valley Light, Heat <& Power Co 

Avon Electric Co > 

Batavia Traction Co 

Berkshire Street Railway Co 

Berlin Electric Light, Heat & Power Co 

Binghamton Light, Heat & Power Co. : 

A 

B 

Binghamton Railway Co 

Black River Traction Co 

Bombay Electric Corporation 

Boquet Electric Power Co 

Broadalbin Electric LiL?ht A Power Co 

Bronx Gas &, Electric Co 

Brooklyn Edison Co 

Brooklyn Rapid Transit Co. : 

c 

Bryant Power Co. (Inc.) 

Buffalo General Electric Co 



Adams. 
Addison. 

Johnsonville. 

Schaghticoke. 

East Creek. 

Inghams Mills. 

Mechanics ville. 

Schoharie Falls. 

Spier Falls. 

Utica. 

Kanes Falls. 

North Granville. 

Granville. 

Sanquoit. 

Center Village. 

Stuy vesant Falls. 

Antwerp. 

Coeymans. 

S>Tacuse. 

Aurora. 

Keene. 

Avon. 

Batavia. 

Walloomsac. 

Berlin. 

Binghamton. \ 

Johnson City. 

Binghamton. 

Watertown. 

Bombay. 

Essex. 

Broadalbin. 

Bronx. 

Gold Street. 

Central Power. 
Williamsburg. 
Ninth Street. 
Buffalo. 
Do. 
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Table 100. — Electrie^power companiea engaged in public servtee in the 8taU$ in whUh the niperpower zone is ntmUed-^-Coisi, 

N«w York— Continued. 



No. 



Operating company. 



5835 
5836 
5839 
5840 
5842 
5843 

5843^1 
5844 
5846 
5847 

5847-1 
5848 
5849 



5851 
5853 
5854 
5855 
5856 
48834 
5858 

5858-1 
5859 
5862 
5863 
5867 
5868 

5868-1 
5869 

5869-1 
6871 
5873 
5874 
5875 
5876 
5877 
5878 
5879 
5882 
50256-1 
5885 
5886 
5887 
5888 
5891 
5892 



5893 
6895 
6896 
5897 
5898 
5900 
6901 
5903 



5904 
5905 
5906 
49143 
5907 
5908 
5909 
5910 
5911 



Rochester, Lockport & BufTt&lo Railroad Corporation. 

Buffalo & Depew Railway Co 

Buffalo & Wimamsville Electric Railway Co 

Buffalo Southern Railway Co 

Callicoon Independent Eiiectric Co. (Inc.) 

Canaserarai Heat, Light db Power Co 

Canisteo Light & Power Co 

Canton Electric Li^t & Power Co. 



Cattaraugus Electnc Li^t & Power Co 

Cayadutta Generating Co 

Cayuga Power Corporation 

Cazenovia Electric Co 

Central Hudson Gas & Electric Co.: 

A 

B 

Central New York Power Co ^ 

Champlain Electric Co 

Chasm Power Co 

Chautauqua Traction Co 

Chatham Electric Light, Heat & Power Co 

A. C. Cheney Piano Action Co 

Clinton Hematite Mines 

CI vmer Power Corporation 

Coboes Power & Lid^t Corporation 

Cold Spring light. Heat & Power Co 

College HiU Electric Light Co 

Consolidated Electric Co 

Consolidated light & Power Co 

Consumers Gas Co 

Corinth Electric Light & Power Co 

Coming Light db Power Corporation 

Cortland County Traction Co 

Croton Falls Electric Light Plant 

Dansville Gas & Electric Co 

Deansboro Electric Light Plant 

Deer River Power Co 

Delaware County Electric light & Power Co — 

Delaware A Otsego Li^t& rower Co 

Depew & Lancaster Li^ht, Power & Conduit Co. 

Dtmdee Electric lighting Plant 

John Dunlop's Sons 

Dutchess Light, Heat & Power Co 

Dwaas Electric Co 

Earlville Electric Light Co 

East Aurora Electric Light Co 

East Hampton Electric Light Co 

Eaton-Morrisville Power Co. : 

A 

B 

Brooklyn Edison Co 

Edwards Light & Power Co 

Electric Li^t Co. of Newpaltz 

Elizabethtown Electric Plant 

EUenville Electric Co 

Elmira, Coming A Waverly Railroad 

Elmira Water, Lig^t db Railroad Co 

Empire Gas db Electric Co.: 

A 



A 



B. 
C. 
D, 
E. 
F. 



Empire State Railroad Corporation 

Erie Railroad Co 

Falconer Electric light Co 

Endicott, Johnson db Co 

W. H. Faxon Electric Plant 

Fishers Island Electric Light & Power Co. 

Hshkill Electric Railway Co 

Flatbush Gas Co .' 

Fonda, Johnstown & Gloversville Railroad. 

63361*'— 21 ^16 



Station. 



Rochester. 

Buffalo. 

Williamsville. 

Ebenezer. 

Callicoon; 

Canaaeraga. 

Canisteo. 

Canton. 

Cattaraugus.' 

Berrvville. 

Portland Point. 

Cazenovia. 

Newbur^. 

Poughkeepsie. 

Canastota. 

Champlain. 

Chateaugay. 

Jame8town. 

Chatham. 

Castleton. 

Clinton. 

Clymer. 

Conoes. 

Cold Spring. 

Clinton. 

Middle Falls. 

Whitehall. 

Sou^ampton. 

Corinth. 

Coming. 

Cortland. 

Croton Falls. 

Dansville. 

Deansboro. 

Copenhagen. 

Delhi. 

Franklin. 

Lancaster. 

Dundee. 

Phoenix. 

Rhinebeck. 

Hudson FaUs. 

Earlville. 

East Aurora. 

East Hampton 

Eaton. 
Monisville. 
Gold Street. 
Edwards. 
Newpaltz. 
Elizabethtown. 
EUenville. 
Elmira. 
Do. 

Auburn. 

Geneva. 

Lyons. 

Newark. 

Waterloo. 

Seneca Falls. 

Oswego. 

Rochester. 

Falconer. 

Johnson City. 

Chestertown. 

Fishers Island. 

Bacon. 

Brooklvn. 

Tribes "ilill. 
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Tablb 100. — Electrie-power eompanies engaged \n public service m the SUUa in which the superpower zone is situated— Cm. 

New Terk— Contixiued. 



No. 



5912 
5913 
5914 
5916 
5917 
5918 



5919 
5920 
5921 

49275 
5922 
5923 
5924 
5925 
5926 
5927 
5929 
5930 

49320 
5932 
5933 
5934 
6041 
5935 
5936 
5937 
5938 
5939 
5940 
5942 
5943 
5944 
5945 



5946 
5947 
5950 



6951 
6164 
5954 
5955 



5957 
5960 
6159 
5961 
5962 
5963 
5964 
5965 
5968 
5970 
5971 
5972 
5973 
5974 
6205 
5975 
5976 
5977 
5979 
5981 
5983 
5984 
5985 



Operatintr company. 



Forestport Electric Li^t Plant 

Fort Covington Li^t, Heat & Power Oo 

Fort Plain Gas & Electric Light, Heat A Power Co.. 
Franklin Springs & Progressive Electric Light Go. . . 

Fulton Chain Electric Co 

Fulton County Gas & Electric Co.: 

A 

B 

Fulton Light Heat & Power Co 

Garden City Co 

Gamer Print Works & Bleachery 

General Electric Co 

Genesee Light & Power Co 

Genesee Valley Power Co 

Geneseo Gas Light Co 

Geneva, Seneca Falls & Auburn Railroad Co. (Ii^^-)- 

G. N. Gibson & Sons 

Glen Cove Light & Power Co 

Glens Falls Gas & Electric Light Co 

Goshen light & Power Co 

Gould Paper Co 

Granville Electric & Gas Co 

Great Bear Light A Power Co 

Gregory Electric Co. (Inc.) 

Groton Electric Power Corporation 

Halimoon Light, Heat & rower Co 

E. S. Hamblin&Co 

Hammondsport Electric light Co 

Hanford Bros : 

Hannawa Falls Water Power Co 

Harlem Valley Light, Heat A Power Co 

Hermon Electric Co 

Hilton Electric Tight, Power & Heat Co 

Holmes Milling Co 

Honk Falls Power Co.: 

A 

B 

Berkshire Street Railway Co 

Homell Electric Co 

Hudson Vidley B^ilway Co.: 

A 

B 

C 

Hudson & Manhattan Railroad Co 

Alfred Huntington 

Hydro Electric Power Co 

Interborough Rapid Transit Co. : 

b! !!!!!!!;!!]!!;!!!!!!!!!!!!!!!;;!!!!!!;!!!! 

International Railway Co 

New York State Gas & Electric Corporation 

Iroquois Utilities (Inc.) 

Ithaca Traction Co 

Jamestown Lighting & Power Co 

Jamestown Street Railway Co 

Jamestown, Weetfield & North-Weetem Railroad Co. 

Jordan Electric Liriit & Power Co 

Katonah Lighting Co 

Kingston Consolidated Railroad Co 

Kingston Gas & Electric Co 

Edward R. LadewCo. (Inc.) 

La Fargeville Electric Light Co 

Lake Shore Electric Co 

La Salle Electric Corporation 

Lawrence Park Heat, Light & Power Co 

Lebanon Valley Lifting Co. (Inc.) 

Le Roy Hydraulic Electric Gas Ck) 

Lewiston & Lake Ontario Shore Power Co 

Liberty Light & Power Co 

Livingston Manor Electric Co 

Living ton -Niagara Power (3o 

Livonia Light & Heat Co 



station. 



Forestport. 
Fort Covington. 
Fort Plain. 
Franklin Springs. 
Fulton Chain. 

GlovetFville. 
Samonsville. 
Fulton. 
Garden City. 
Wappingers Falls. 
Schenectady. 
Batavia. 
Mills Mills. 
Geneseo. 
Seneca Falls. 
West Stockholm. 
Glen Cove. 
Glens Falls. 
Monroe. 
Lyons FaUs. 
Granville. 
East Worcester. 
Morris town. 
Groton. 

Mechanicsville. 
Oriskany Falls. 
Hammondsport. 
East Meredith. 
Hannawa Falls. 
Pawling. 
Hermon. 
Hilton. 
Downsville. 

Napanoch. 
High Falls. 
Walloomsac. 
Homell. 

Middle Falls. 

Stillwater. 

Mechanicsville. 

Terminal Building. 

Ripley. 

Theresa. 

East River. 

North River. 

Niagara Street, Buffalo. 

Oneonta. 

Randolph. 

Ithaca. 

Jamestown. 

Do. 

Do. 
Jordan. 
Bedford Hills. 
Kingston. 

/Do. 
Glen Cove. 
I^ Fargeville. 
Henderson. 
Niagara Falls. 
Bronxville. 
Canaan. 
Le Roy. 
Lewiston. 
Liberty. 

Livingston Manor. 
Avon. 
Whiting. 
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Table 100. — Eledrie-power companies engaged in public service in the States in wkieh the superpower zone is sUuaied — Con. 

• New Twrk— Continued. 



No. 



Operating company. 



5986 



5987 
5988 
5990 



5992 
5993 
5994 
5995 



5998 
6000 
6001 
6003 
6005 
6006 
6006-1 
6007 
6008 
6009 
6010 
6012 
6013 
6014 
6015 
6017 
6018 
6019 
6021 
6022 
6023 
6024 
6025 
6026 
6028 
6029 
6030 
6031 
6033 
6034 
6035 
6036 
6037 
6038 
6039 
6040 
6041 
6043 
6044 
6045 
6046 
6047 
6048 
6049 
6050 
6051 
6053 
6054 
6056 




Long Acre Electric light & Power Co. 

Long Beach Power Co 

Long Island Lighting Co. : 



B. 

D. 

£. 

F. 

G. 

H 

J 
Lyons Falls Electric Light Plant, 
luusedon Electric Light Co. 
Madrid Electric Light Co. 
Malone Light & Power Co. : 

A. 

B. 

C. 

D. 

E. 
MarcelluB Lighting Plant. 
Marion Power Co. 

Massena Electric Lig^t & Power Co. 
Mexico Electric Co. 
Middleville Electric Light Co. 

do. 

Middleport Gas & Electric Light Co 

Millerton Electric Light Co 

Milling d Lighting Co 

BiineviUe Light, Heat & Power Co 

Mohawk Hydro Electric Co 

Montgdmeiy Electric Light & Power Co. . . 

Mooers Electric Li^ht Co 

Moravia Electric Li^ht, Heat & Power Co. 

Morgan & Wyman Light A Power Co 

Mount Mozris Illuminating Co 

Municipal electric plant 

do , 



do. 
do. 
.do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 



Groton Electric Power Corporation. 

Municipal electric plant 

do 



do, 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 



station. 



Race Street. 

Ehn Street. 

103 Park Avenue, New York. 

Long Beach. 

Amityville. 

Babylon. 

Nor&port. 

Sayville. 

Bay Shore. 

Huntington. 

Port Jeneraon. 

Do. 
Lyons Falls. 
Macedon. 
Madrid. 

High Falls. 

Do. 
Malone. 
Chasm Falls. 
Whittlesey. 
Marcellus. 
Sod us. 
Potsdam. 
Mexico. 
Prisbieville. 
Middleville. 
Middleport. 
Millerton. 
Brasher Falls. 
Mineville. 
Ephrata. 
Canajoharie. 
Mooers. 
Moravia. 
Dover Plains. 
Mount Morris. 
Akron. 
Arcade. 
Batavia. 
Bath. 
Bergen. 
Boonville. 
Brockton. 
Camden. 
Castile. 

Clifton Springs. 
Clinton. 
Delevan. 
Dunkirk. 
Fairport. 
Franxfort. 
Fredonia. 
Freeport. 
Greene. 
Green Island. 
Greenport. 
Groton. 
Hamilton. 
Herkimer. 
Holley. 
llion. 

Jamestown. 
Lake Placid. 
Little Valley. 
Marathon. 
Mayville. 
Mohawk. 
Newark Valley. 
Penn Yan. 
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Table 100,--ElectriC'power companies engaged in public service in the States in which the superpower zone is situated — Con. 

New York— Continued. 



No. 



Operating company. 



Station. 



6057 
6058 
6059 
6060 
6061 
6062 
6063 
6064 
6065 
6066 
6067 
6069 
6070 
6071 
6072 
6073 
6074 
6075 
6076 
6078 
6079 
6081 
6083 
50074-1 
6084 
50074 
6085 
6086 
6087 



6090 



5960 



6093 



6097 
6098 
6099 
6101 
6103 
6105 
6106 



6108 



6109 
6110 
6111 
6112 



6113 
6114 
6116 



Municipal electric plant. 
do 



do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 



do 

Municipal Gas Co 

Murray Electric Light & Power Co 

Naiisau Lijg^t & Power Co 

New Berlin light & Power Co 

New Fabric Cloth Co 

Newfane Electric Co 

Newfane Lumber & Manufacturing Co 

New Paltz Highland & Poughkeepsie Traction Co. 

Newport Electric Light <& Power Co 

New York Central RaUroad: 

A 



B 



New York Edison Co. : 
A 



B. 
0. 
D. 



New York State Gas & Electric Corporation: 
A 



B, 
C. 



New York State Railways, Rochester Lines: 
A 



B. 



New York d Long Island Traction Co 

New York & North Shore Traction Co 

New York & Ontario Power Co .'. . 

New York & Queens Electric Light & Power Co. 

Niagara Electric Service Corporation 

Niagara Falls Gas & Electric Light Co 

Niagara Falls Power Co. : 

A 



B 



Niagara, Lockport & Ontario Power Co. : 
A 



B. 
C. 
D 



Niagara & Erie Power Co 

North Creek Electric Co 

Northern Adirondack Power Co. 
Northern New York Utilities: 
A 



B. 
C. 
D. 
E. 
F. 
G. 
H. 



Northern Wayne Electric Light & Power Co. 

Northern Westchester Lifting Co 

North Syracuse Light & Power Co 



Philadelphia. 

Port Byron. 

Potsdam. 

Rockville Center. 

Rouses Point. 

Salamanca. 

Savannah. 

Sherburne. 

Silver Springs. 

Skaneateles. 

Solvay. 

Springville. 

Tneresa. 

Tully. 

Tupper Lake. 

Union. 

Watkins. 

Wellsville. 

Westfield. 

Albany. 

Monticello. 

Glenwood. 

New Berlin. 

Oswego. 

Newfane. 

Do. 
Loyd. 
Newport. 

Glenwood. 
Port MozziB. 

Buane Street. 
Waterside No. 1. 
Waterside No. 2. 
Kingsbridge. 

Ithaca. 

Norwich. 

Oneonta. 

Floatbridge. 
Canandaigua. 
Rockville Center. 
Douglaston. 
Waddington. 
Astoria. 
Nia^Ara Falls. 
Do, 

Do. 
Hydraulic. 

Salmon River. 

Auburn. 

Lyons. 

Minetto. 

Buffalo. 

North Creek. 

Ausable Chasm. 

Black River. 
Effley Falls. 
Elmer Falls. 
South Edwards. 
Taylorville. 
Watertown. 
Belfort. 
Browns Falls. 
Wolcott. 
Ossining. 
North Syracuse. 
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Tabls 100. — Eleetric-power companies engaged in public tervice in the States in wkidi the superpower zone is situated — Can. 

N«w Tork— ContiniiMl. 



No. 



6118 
6118-1 
6119 
6121 
6123 



6175 
6126 



6127 
6128 
6129 
6130 



6131 
6132 
50206-1 
6133 
6134 
6135 
6136 
6137 
6138 



6139 
6141 
6142 
6143 
6144 



6145 
6146 
6147 



6148 
6149 
6152 
6153 
6154 
6158 
6159 
6160 
6161 
6162 
6163 
6164 
6165 
6166 



Operating company. 



6167 

6167-1 

6168 



6169 
6171 



Norwood Electric Lig|it & Power Co. 

Nuerd Paper Co. (Inc.) 

Nunda Electric Lig^t Co 

Oedensburg Power & Lifiiit Co 

Olean Electric Lidit & Power Co.: 
A 



B. 



O'Neil&Co 

Orai^ County Public Service Corporation: 



B. 
C. 



Orange County Traction Co 

Orange & Rocldand Electric Co. , 

B. L. Orcutt & Sons (Inc.) 

Oswegatchie Light & Power Co. : 
A 



B. 



Oswegatchie River Power Co ^ 

Oswego River Power Transmission Co 

Oval Wood Dish Co 

Ovid Electric Co 

wego Lirfi t A Power Co 

Panama Power Co 

Pariahville Electric light Plant 

Patchogue Electric Li^t Co 

Paul Smith's Electric Light & Power & Railroad Co.: 
A 



B. 
C. 
D. 



Peefasville Lifting & Railroad Co 

Pennsylvania Tunnel & Terminal Railroad Co. 

Penn Van & Lake Shore Railway 

Peoples Gas & Electric Co 

Perry Electric Li^t Co.: 



B. 



W.J. Ehillipe 

Phoenix Gras & Electric Co. (Inc.). 
PlattBbmg Gas & Electric Co. : 
A 



B 



Plattsburg Traction Co 

Port Henry Light, Heat & Power Co 

Port Jervis Traction Co 

Port Leyden Electric Lizht & Power Co 

Potsdam Electric Lieht & Power Co 

Queenslxvou^ Gas a Electric Co 

Iroquois Utilities (Inc.) 

Red Hook Ligh t & Power Co 

Rensselaer Falls Electric Lidit & Power Co. 

Richmond Light A Railroad Co 

Riddell Electric Light & Power Co 

Alfred Huntington 

Riverhead Electric Light Co 

Rochester Gas & Electric Corporation: 

B 



C. 

D 

E. 

F. 

G. 

H. 

I. 

J. 



Rochester & Manitou Railroad Co 

Rochester & Syracuse Railroad Co. (Inc.). 
Rnckland Light & Power Co. : 

A 

B 

Rome Gas, Electric Light & Power Co — 
Sag Harbor Electric Light <fe Power Co. . . . 



station. 



Yaleville. 
Hadley. 
Nunda. 
Ogdensburg. 

Franklinville. 

Olean. 

St. Regis Falls. 

Cuddebackville. 
Middletown. 
Port Jervis. 

Newburgh- 
Monroe. 
Dickinson Center. 

Fowler. 

Hailesboro. 

South Edwards. 

Syracuse. 

Tupper Lake. 

Taughannock Falls. 

Owego. 

Panama. 

Parriahville. 

Patchogue. 

Franklin Falls. 
Keeses Mills. 
Saranac Lake. 
Union Falls. 
Peeksville. 
Long Island City. 
Park Landing. 
Oswego. 

Perry. 

Do. 
Manlius. 
Syracuse. 

Indian Rapids. 
Plattsbiirg. 

Do. 
Port Henry. 
Port Jervis. 
Port Leyden. 
Potsdam. 
Far Rockaway. 
Randolph. 
Bingham Mills. 
Rensselaer Falls. 
Livingston. 
Luzerne. 
Riplev. 
Riverbead. 

No. 2a. 
No. 26. 
No. 4. 
New No. 6. 
No. 6. 
No. 34. 
No. 35. 
No. 3. 
littleville. 
Rochester. 
Syracuse. 

Hillbum. 
Orangeburg. 
Rome. 
Sag Harbor. 
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Table 100. — Electric-power companies engaged in public service in the States in which the superpower'zone is situated — Con. 

New Turk— Oontixiued. 



No. 



6173 
6174 
6175 
6178 
6180 
6181 
6183 
6184 
6185 
6188 
6189 
50506 
6190 
6193 
6194 
6195 

6195-1 
6196 
6197 
6199 

6199-1 



6200 



6202 
6204 
6205 
6207 
6209 
6211 
6212 
6215 

50712 
6217 
6218 
6219 
6220 
6221 
6222 
6223 
6224 

50762 



6225 
6227 
6228 
6229 
6230 



6231 



6232 



6234 
6235 



6236 

6237 

48985 

6239 



Operatins company. 



Station. 



St. Lawrence River Power Co 

St. Lawrence Tranamiaaion Co 

Sulham Manufacturing Co 

Salem Light. Heat & Power Co 

Adirondack tower & Light Corporation. 

Schenectady Railway Co 

Schodack Light & Power Corporation . . . 

Schuyler County Lieht & Power Co 

Scottsville Electrics Light & Gas Co. . . 

Seeley Electric Co 

Seneca River Power Co 

Setter Bros. Co 

Sherman Electric Light Co 

ShuBhan Electric Light Plant 

Silver Creek Electric Co 

Sinclairville Electric Light Plant 

Snell Power Co 

SoduB Gas & Electric Light Co 

Solsville Electric Light & Power Co 

Southern Dutchess Gas & Electric Co. . 
Southern New York Power Co.: 

A .' 



I 



B 



Southern New York Power & Railway Corporation: 
A 



B 



Standard Light, Heat & Power Co 

Charles H. Stokes Electric Plant 

I^a Sidle Electric Corporation 

Suffolk Light, Heat A Power Co 

Syracuse Lighting Co 

Syracuse & Suburban Railroad Co 

Tnereea Electric Lij^ht Co 

Ticonderqga Electric Light & Power Co. 

Ticonderoga Pulp & Paper Co 

Tread well JElectnc light Plant 

Tri-County Light & Power Co 

Troy Gas Co 

Troy & New England Railway Co 

Tuxedo Electric Light Co 

Twin State Gas & Electric Co 

Tyler Light & Power Co 

ulster Electric Light, Heat & Power Co. 

Union Bag & Paper Co. : 

A — 

C 

F 



Union Electric Co 

Union Springs Light & Power Co 

United Electric Light A Power Co 

United Gas, Electnc light & Fuel Co. 
United Traction Co.: 

A 



B 
C. 



Upper Hudson Electric & Railroad Co.: 



B. 
C. 
D 



Utica Gas & Electric Co. : 



D 
F. 
G. 



Vestal Lighting Co 
WadhamsA We 



estport Electric Light & Power Co.: 



B 



Wallkill Transit Co 

Wallkill Valley Electric Light & Power Co. 
Warren Curtis Manufacturing Co. (Inc.) — 
Warrensbuigh Electric Light Works 



Maasena. 

Potsdam. 

St. Regis Falls. 

SiJem. 

Johnsonville, etc. 

Schenectady. 

Castleton. 

Watkins 

Avon. 

Spencer. 

Baldwinsville. 

Cattaraugus. 

Sherman. 

Shushan. 

Silver Creek. 

Sinclairville. 

Higley Falls. 

Sodus. 

Solsville. 

Beacon. 

Walton. 
Stilesville. 

Colliers. 

Hartwick. 

Sidney. 

Kerhonkson. 

Niagara Falls. 

Southampton. 

Syracuse. 

Edward Falls. 

Theresa. 

Ticonderqga. 

Do. 
Treadwell. 
Gilboa. 
Troy. 
Albany. 
Tuxedo Park. 
Hoosick FaUs. 
Vernon. 
Saugerties. 

Bakers Falls. 
Fenimore. 
Moreau. 
Whitney Point. 
Union Springs. 
New York City. 
Hudson Falls. 

Albany. 
Troy Falls. 
West Sand Lake. 

Coxsackie. 
Catskill. 
Cairo. 
Hunter. 

Dolgeville. 
Trenton Falls. 
Utica. . 
Little Falls. 
Vestal. 

Wadhams. 

Do. 
Mechanicstown. 
Walden. 
Corinth. 
Warrensbuigh. 
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Table 100. — Eketrio-power companies engaged in pMit aerviee in the States in which the superpower zone is sUtioted-'Con. 

N«v Torli-4}<mtlni]ed. 



No. 



6240 
6242 

6242-1 
6243 
6244 

6242-^1 
6245 
6246 



6248 
6250 
6251 



Oporetinf; company. 



6252 

6252-1 

6254 

50946 



6256 

6257 

6258 

6258-1 

48834 

48895 

49143 

49275 

49320 

50074 

50074-1 

50206 

50256-1 

50506 

50712 

50762 

50946 



WazBaw Gas 4: Electric Co 

Waterville Gas & Electric Co 

Wayland-Steuben Power Co 

Waverly , Sayre & Athens Traction Co 

Wayland Light & Power Co. (Inc.) 

Wayland-Steuben Power Co 

Wayne Power Co 

West Branch Light A Power Co. : 

A \ 

B 

Westchester Lighting Co 

Western New York Electric Co 

Western New York Utilities Co.: 

A 

B 

C 

Western New York & Pennsylvania Traction Co 

Western Vermont Power & Light Co 

West Winfield Electric Co 

Witherbee-Sherman Co. : 

A 

B 

Worcester Electric Light Plant 

Wyantskill Hydro-Electric Co 

Yates Electric Light A Power Co 

Yonkers Electric Light & Power Co 

A. C. Cheney Piano Action Co 

Warren Curtis Manufacturing Co. (Inc.) 

Endicott, Johnson & Co 

General Electric Co 

Gould Paper CJo 

Newfane Lumber A Manufacturing Co 

New Fabric Cloth Co 

Oval Wood Dish Co 

John Dunlop's Sons ^ 

Setter Bros. Co 

Ticonderpga Pulp & Paper Co 

See Union Bag & Paper Co 

See Witherbee-Sherman Co 



Station. 



Warsaw. 

Waterville. 

Wayland. 

Waverly. 

Wayland. 

Do. 
Sodus. 

Stamford. 
Korti^ht. 
New ^ochelle. 
Jamestown. 

Medina. 
Waterport. 
Medina. 
Ceres. 

Carvers Falls. 
West Winfield. 

Port Henry. 

Mineville. 

Worcester. 

Wyantskill. 

Seneca Mills. 

New York City. 

Castleton. 

Corinth. 

Johnson. City. 

Schenectady. 

Lyons Falls. 

Newfane. 

Gswego. 

Tupper Lake. 

Phoenix. 

Cattaraugus. 

Ticonderoga. 

Bakers Falls, etc. 

Port Henry, etc. 



PeBBajlTaoU. 



7500 
7502 
7503 
7504 
7505 
7506 
7507 
7508 
7509 
7510 
7510-1 
7510-2 
7511 
7513 
7514 
7515 
7516 
7517 
7517-1 
7518 



7519 
7520 
7522 
7523 
7524 
7526 
7527 



Abinffton Electric Co 

Allegpneny Valley Liglit Co 

Allegheny Valley Street Railway Co 

Allen Street Railway Co 

Allentown & Reading Traction Co 

Altoona & Logan Valley Electric Railway Co. 

Ambler Electric Light. Heat & Motor Ck> 

Annville & Palmyra Electric Li^t Co 

Anthracite Power Co 

Ardmore & Llanerch Street Railway Co 

Arendtsville Roller Mills 

Bangor Electric Co 

Bamesboro Span^ler Electric Lig^t Co 

Bear Lake Electric Li^t Plant 

Beaver County Light Co 

Beaver Springs Electric Light Co 

Beaver Valley Traction Co 

Bedford Electric Light, Heat & Power Co 

Bala & Merion Electric Co 

Benton Hydroelectric Co.: 

A • 

B 

Berkshire Electric Co 

Berwich & Nescopeck Street Railway Co 

Bethlehem & Nazareth Passenger Rulway Co 

Big Spring Electric Co 

Birdsboro Electric Co 

Blossburg Electric Li^t & Power Co 

Blue Mountain Electric Co 



Laplume. 

Creighton. 

Pittsburgh. 

Bethldiem. 

Reading. 

Altoona. 

Ambler. 

Annville. 

Hazleton. 

Upper Darby. 

Arandtsville. 

Bangor. 

Bamesboro. 

Bear Lake. 

Pittsburgh. 

Beaver Springs. 

New Brighton. 

Bedford. 

Philadelphia. 

Benton. 

Hydroelectric. 

Sinking Spring. 

Berwick. 

Bethldiem. 

Newville. 

Birdsboro. 

Blossburg. 

Bethel. 
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Table IQO.'-rEUdric-power companies engaged in public service in the States in which the superpotoer zone i» situated — Con. 

P«Biujl?aBla— Contiiiued. 



No. 



7528 
7629 
7530 
7531 
7533 
7534 
7764 
7535 
7538 
7539 
7540 



7640-1 
7541 
7542 
7543 
7544 
7545 

7545-1 

7545-2 
7546 
7548 
7549 

7549-1 
7550 
7551 
7552 
7553 
7556 
7556 
7557 



7558 
7559 
7560 
7561 
7562 
7565 
7752 
57543-1 
7562-2 
7566 
7568 



7569 
7570 
7572 
7573 
7574 



7575 
7576 
7576-1 
7577 
7578 
7579 
7581 
7582 
7583 



Operating company. 



Blue Ridge Traction Co 

BoiUng Springs Electric Light Co 

Bolivar Li^t, Heat & Power Co , 

Boyertown Electric Co 

Bradford Electric Co 

Brownstown Electric Li^ti Heat & Power Co. 

Bucks County Electric Co 

Bu^o & Lake Erie Traction Co 

Canton Illuminating Co 

Mauch Chunk d Lcuoi^ton Transit Co 

Carlisle Gas & Water Co.: 

A 



B 



Carpenter Electric Co. 

Center Electric Co 

Centre & Clearfield Railway Co 

Chambersburg, Greencastle & Waynesboro Street Railway Co. 

Chamberoburg A Gettysburg Electric Railway Co 

Chambersbuig A Shippensburg Railway Co 

Cheltenham Electric Light, Heat & Power Co 

Chanceford Electric lAgat A Power Co 

Chester County lig^t & Power Co 

Chester Valley Electric Co 

Chester & Philadelphia Railway 

Cheswick Power Co 

Christiana & Coatesville Street Railway 

Citizens Electric Co 

Citizens Electric Co 

Citizen^ Electric light & Power Co 

Citizens Light, Heat & Power Co 

Citizens Li^t & Power Co 

Citizens Traction Co. : 

A 



B 



Clairton Street Railway Co 

Clarion Electric Co 

Cleveland & Erie Railway Co 

Clymer Power Co. 

Ccolport Light, Heat & Power Co 

Conestoga Traction Co 

J. W. Conner & Sons 

Consolidation Coal Co *. 

Coopersburg Electric Light. Heat & Power Co. 

Cony City Electric Light Co 

Counties Gas & Electnc Co.: 

B 



C 



Cresson Electric Light Co 

Ciunberland Railway 

Danville & Sunbury Transit Co 

Deal Electric Light & Power Plant. 
Delaware County Electric Co.: 
A 



B 



Delaware County & Philadelphia Electric Railway Co. 

Delaware Water Gap Light Plant 

Delta Electric Light Co 

Delta Electric Power Co 

Delta Water Power Co 

Dillsbure Light, Heat & Power Co 

DuBoIb Electric & Traction Co 

Dunbar Electric Co 

Duquesne Light Co. : 

A 



station. 



7584 
7585 
7586 



B. 
C. 
D. 
E. 
F. 
E. 



Duquesne & Dravosburg Street Railway Co. 

Eaglesmere Light Co 

East End Passenger Railway Co 



Danielsville. 

Boiling Springs. 

Bolivar. 

Boyertown. 

Bradford. 

Brownstown.' 

Doylestown. 

Ene. 

Canton. 

Mauch Chunk. 

Hydroelectric. 

Steam. 

Meadville. 

Howard. 

Phillipsburg. 

Waynesboro. 

Chambersbuig. 

Do. 
Philadelphia. 
Delta. 

Kennett Square. 
Coatesville. 
Philadelphia. 
Colfax. 
Lancaster. 
Williamsport* 
Lewisbun[. 
Hughesvule. 
Meyersdale. 
Oil City. 

Do. 
Franklin. 
Pittsbui^. 
Clarion. 
Girard. 
Raubsville. 
Coalport. 
Lancaster. 
Orangeville. 
Jenner. 
Coopersburg. 
Corry. 

Norristown. 

Wayne. 

Cresson. 

Carlisle. 

Danville. 

Cooks Mills. 

Beacon. 

Chester. 

Clifton Heights. 

Delaware Water Gap. 

Delta. 

Do. 

Do. 
Dillsburg. 
Du Bois. 
Dunbar. 

Brunots Island. 

Rankin. 

Twentieth Street. 

Thirteenth Street. 

Glen wood. 

Phipps. 

Millvale. 

Duquesne. 

Eaglesmere. 

Williamsport. 
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Table 100. — Electno-power companies engaged in pMxc service in the Stales in vMcii the superpower zone is siiuated-^im. 

IPmasjlTaaia— ConUniMd. 



No. 



7587 



7588 
7589 
7590 
7591 
7592 
7593 
7595 
7882 
7596 
7597 
7598 



7599 



7600 
7601 
7602 
7603 
7605 
7607 
7608 

7608-1 
7609 
7610 
7612 
7615 
7616 
7617 

7617-1 
7618 

7618-1 
7619 



7620 
7622 
7623 
7624 
7624-1 
7625 
7627 
7628 
7629 
7630 
7631 
7632 
7633 
7634 
7636 
7637 
7639 



7640 



7640-1 
7641 
7642 
7643 
7644 
2800 



7647 

7647-1 

7648 



OpcratiDg company. 

Eastern Pennsylvania Li^^t, Heat A Power Co.: 

A 

B 

C 

Eastern Pennsylvania Railway Co 

Easton Tiansit Co 

East Pennsylvania Gas & Electric Co 

Eboisburg li^t, Heat A Power Co 

Eckels Light, Heat A Power Co 

Edison Electric Co 

Edison light 4: Power Co 

William Ellsworth Electric Co 

Ephrata & Lebanon Street Railway Co 

Ei>hrata & Lebanon Traction Co 

Erie County Electric Co.: 

A 

B 

Erie Lighting Co.: 

A 

B 

Everett light, Heat & Power Co 

Excelsior Electric Li^ht, Power* Gas Co 

Fairchance & Smithneld Traction Co 

Fairmount Park Transportation Co : 

Frankf ord, Tacony & Holmesbuig Street Railway Co 

Gallitzin Electric Light Co 

Grarret Electric Light, Heat* Power Co 

Harry E. Geiser 

Gettysburg Electric Co 

Gettysburg Railway Co 

Glen Rock Electric Light A Power Co 

Greencastie L^ht, Heat, Fuel & Power Co 

Halfpenny & Grove 

Hamburg Gas* Electric Co 

Hano ver Li^ht , Heat & Power Co 

Hanover * McSherr3rtown Street Railway Co 

Harmony Electric Oo 

Harrisburg Light * Power Co. : 

A 

B 

Harrisbuig Railways Co 

Hastings Electrical Co 

Hershey Transit Co 

Highland Grove Traction Co 

Hinkletown-Conestoga Valley Electric Co 

Home Electric Co 

Home Electric Light * Steam Heating Co 

Homestead * Mimin Street Railway Co 

Honesdale Consolidated Li^t, Heat * Power Co 

Houtzdale Electric light, Heat * Power Co 

HummeLstown Water * Power Co 

Huntingdon. Lewistown d Juniata Valley Traction Co 

Hjmdman Electric Light, Heat* Fowet Co 

Indiana County Street Railway Co 

Intercoiune Electric Light, Heat * Power Co 

Irwin-Herminie Traction Co 

Jefferson Electric Co.: 

A 

B 

Jersev Shore Traction Co.: 

b!!".V/^J ';;!!!!!!!!!!!!!!!!!!!!!!!!!!!;!!!!!!!!!! !!!!!! 

Jersey Shore Electric Co 

Jersey Shore Electric Street Railway Co. 

Jersey Shore * Antes Fort Railroad Co 

Johnsonbuig Light & Power Co 

Johnstown Traction Co 

Keystone Electric Service Corporation: 

A 

B 

Kittanning * Leechburg Railways Co 

Lackawanna Li^ht Co 

Lackawanna * Wyoming Valley Power Co 



station. 



Ashland. 

Frackville. 

Palo Alto. 

Pottsville. 

Allentown. 

Bristol. 

Ebensburg. 

ConneautviUe. 

Engledde. 

York. 

Wyalusing. 

Lebanon. 

Pittsburgh. 

Erie No. 1. 
Erie No. 2. 

Front Street 

Peach Street. 

Everett. 

PhiUdelphia. 

Umontown. 

Belmont 

Philadelphia. 

CreBson. 

Garrett. 

Montgomery Mills. 

Gettysburg. 

Do. 
Glen Rock. 
Greencastie. 
Mifflinburg. 
Hamburg. 
Hanover. 

Do. 
Harmony. 

Cedar Street 

Ninth Street. 

Harrisburg. 

Hastings. 

Hershey. 

McKeesport. 

Hinkletown. 

Coudersport 

Tyrone. 

Homestead. 

Honesdale. 

Houtzdale. 

Harrisburg. 

Himtingdon. 

Hyndman. 

Indiana. 

Intercourse. 

Irwin. 

Punxsutawney. 
Reynoldsville. 

Florence. 

Rathmel Junction. 
Jersey Shore. 

Do. 

Do. 
Johnsonburg. 
Johnstown. 

Ridgway. 
Kane. 
Pittsburgh. 
Scranton. 
Do. 
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Tablb 100. — EU^trio-power companies engaged in public service in the States in which the superpower zone is situated — Con. 

P«miflflTmBl»--Caiitinaed. 



No. 



7649 
7660 



7652 
7653 
7658 
7659 
7661 
7662 
7663 
7664 
7665 
7667 
7668 
7669 



7670 
7672 
7539 
7674 
7675 
7676 
7677 
7678 



7678 
7680 
7681 
7682 
7683 
7684 
7685 
7686 
7688 

7688-1 
7689 
7690 
7691 

7691-1 

7691-2 
7692 
7693 

- 7694 
7695 
7696 
7697 
7698 
7699 
7700 
7701 
7702 
7703 
7704 
7705 
7707 
7708 

7708-1 
7709 
7710 
7711 
7712 
7713 
7714 
7716 
7717 
7718 
7719 



Operating company. 



Lancaster County Railway & Lif ht Co 

Lancaster Electric Light, Heat & Power Co.: 
A 



B 



Lancaster & York Furnace Street Railway Co 

Lan^home Electric light & Power Co 

Lehighton Electric Light & Power Co 

Lehigh Traction Co 

Lehigh Valley Transit Co 

Lewisburg, Milton & Watersontown Passenger Railway Co. 

Lewistown & Reedsville Electric Railway Co 

Lilly Electric Light, Heat& Power Plant 

Lock Haven Electric Light & Power Co 

Luzerne County Gas & Electric Co 

Lycoming Edison Co 

Lykens valley Ligjht & Power Co. : 

A '. 



B. 



Macungie Electric Light, Heat & Power Co 

Mansfield Electric Co 

Mauch Chunk & Lehighton Tnuisit Co 

Mauch Chunk Heat. Power & Electric light Co 

Media, Glen Ridle <x Rockdale Electric Street Railway Co. 

Mercer County Light, Heat & Power Co 

Mercersburg, Lehmasters & Markes Electric Co 

Metropolitan Edison Co. : 

A 



B. 
C. 



Meyersdale Electric Light, Heat & Power Co 

Middleburg Light, Heat <& Power Co 

Midland Electric Li^htd Power Co 

Juniata Public Service Co 

Montgomery Transit Co 

Montgomery & Muncy Electric light, Heat & Power Co. 

Montoursville Electric Light Co 

Montoursville Passenger Railway Co 

Mount Holly Light, Heat & Power Co 

Mount Jewett Electric Light Co 

Moimt Penn Gravity Railroad Co 

Mimicipal electric plant 

do 



do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

.do. 

do. 

do. 

do. 

.do. 

.do. 

do. 

.do. 

.do. 

.do. 

do. 

.do. 

do. 

.do. 

do. 

do. 

do. 

do. 

do 

do. 



station. 



Lancaster. 

Rock Hill. 

Slackwater. 

Philadelphia. 

Lan^home. 

Lehighton. 

Hazeiton. 

Allentown. 

Milton. 

Lewistown. 

Lilly. 

Lock Haven. 

Plymouth. 

Williamsport 

Wiconisco( 
Williamstown. 
Macungie. 
Mansfield. 
Mauch Chunk. 

Do. 
Media. 
Greenville. 
Markes. 

Lebanon. 

Klapperthal. 

West Reading. 

Meyersdale. 

Clearfield. 

Pittsburgh. 

Millersbuig. 

Norristown. 

Montgomerv. 

Montoursville. 

Do. 
Mount Holly Springs. 
Mount Jewett. 
Reading. 
Allegheny. 
Aspinwall. 
Bally. 

BechtelsviUe. 
Berlin. 
Catawissa. 
Chambersburg. 
Conemaugh. 
Confluence. 
Coraopolis. 
Danville. 
Duncannon. 
Easton. 
EUwood City. 
Emporimn. 
Epnrata. 
Etna. 
Ford City. 
Goldsboro. 
Grove City. 
Hatfield. 
Kutztown. 
Lansdale. 
Meadville. 
Media. 
Middletown. 
Mifflinburg. 
New Freedom. 
New Wilmington. 
Norristown. 
Olyphant. 
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Tablb 100. — EleetriC'power eompanie$ engaged in public service in the States in which the superpower zone is situated — Con. 



No. 



7720 
7721 
7722 
7723 
7724 

7724-1 
7725 
7726 
7727 
7728 
7729 
7730 

7730-1 
7731 

7731-1 
7732 
7733 
7734 
7735 
7736 
7737 
7738 
7740 
7741 
7743 
7748 
7749 
7750 
7751 
7752 
7753 
7754 
7755 
7756 
7757 



7758 
7760 
7761 



7763 
7764 

7764-1 
7765 

7765-1 



7766 
7767 



7768 
7769 
7771 
7773 



Operating company. 



Station . 



Municipal electric plant. 
do 



do. 
do, 
do. 
do. 
do. 
.do. 
.do. 
.do. 
do. 
.do. 
do. 
do. 
do. 



Neversink Mountain Railway Co 

Newcastle Electric Co 

Newcastle A Lowell Railway Co 

New Holland, Blue Ball & Terre Hill Street Railway Co 

New Hope Electric Co : 

New Kingstown Electric Light. Heat & Power Co 

Newmanstown Electric Lignt a Power Co 

Nicholson L^ht, Heat & Power Co 

Norristown 'Ransit Co 

Northampton Traction Co 

Northwestern Electric Service Co 

Northwestern Pennsylvania Railway Co 

Oakdale & McDonald Street Railway Co 

Oley Valley Railway Co 

J. W. Conner & Sons 

Oxford Electric Co 

Panther Valley Electric Co 

Patterson Heights Street Railway Co 

Paupack Electric Co '. 

Penn Central Light & Power Co. : 

C 



D 



Penn Central Power & Transmission Co. 

Penn Hydro-Electric Co 

Penn Public Service Corporation: 

A 



B. 
C. 
E. 
F. 
G. 
H 
J. 



Pennsylvania Light & Power Co 

Backs County Electric Co 

Pennsylvania-New Jersey Railway Co, 

Pennsylvania Power Co 

Pennsylvania Power & Light Co. : 
A 



B 

C. 

D. 

E. 

F. 

G 

H 



Pennsylvania Railroad . . . . 

Pennsylvania Utilities Co. : 

B 



D. 
F. 



Pennsylvania Water & Power Co 

Pennsylvania & Maryland Street Railway Co 

Peoples Street Railway Co. of Nanticoke & Newport 

Philadelphia Electric Co. : 

A , 

B 



Peckville. 

Pennsburg. 

Perkasie. 

Pitcaim. 

Quakertown. 

Royalton. 

St. Clair. 

Schuylkill Haven. 

Sharpsbuiig. 

Souderton. 

Tarentum. 

Titusville. 

Wampum. 

Weatnerly. 

Womelsdorf. 

Reading. 

Newcastle. 

Youngstown. 

Lancaster. 

New Hope. 

New Kingstown. 

Lebanon. 

Nicholson. 

Philadelphia. 

Easton. 

Erie. 

Meadville. 

Pittsbur]g^. 

Reading. 

Orangeville. 

Oxford. 

I^nsford. 

Beaver Falls. 

Hawley. 

Eighteenth Street, Altoona. 
Twentieth Street^ Altoona. 
Williamsburg. 
Warrior Ridge. 

Blairsville. 
Clearfield. 
Philipeburg B. 
Indiana. 
Philipsburg A. 
Broaa Street. 
Vine Street. 
Somerset. 
Rock wood. 
Rttsburgh. 
Doylestown. 
Yardley. 
EUwood City. 

Harwood Mines. 

Hauto. 

Irondale. 

Milton. 

Mount Carmel. 

SelinsM'ove. 

Shamddn. 

Sunbury. 

Philadelphia. 

Dock Street. 
South Side No. 1. 
East Stroudsburg. 
Holtwood. 
Boynton. 
Wanamie. 

Schuylkill No. 1. 
Carpenter. 
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Table 100. — Electric-power companies engaged in public serviee in the States in which the superpower zone is situated — CozL. 

Penasylvaiila— GoDtiiiued. 



No. 



7773 



7774 
7775 
7776 



7777 



7778 
7779 
7780 



77.81 
7782 
7783 
7785 
7786 
7788 
7789 
7790 
7791 
7792 
7793 
7793-1 
7794 
7795 



7796 
7797 
7798 
7800 
7801 
7802 
7803 
7804 
7805 
7805-1 
7806 
7807 
7808 
7809 
7811 



7812 
7813 
7814 
7815 
7816 
7817 
7818 
7819 



7820 
7820-1 
7821 
7822 
7823 



Operating company. 



Philadelphia Electric Co. — Continued. 

C 

P 

G 

H 

K , 

Philadelphia Hydro-Electric Co 

Philadelphia Railwavs Co 

Philadelphia Rapid 'Transit Co.: 

A 

B 

C 

D 

E.. 

Philadelphia Suburban Gas & Electric Co. : 

C 

D 

Philadelphia & Easton Electric Railway Co 

Philadelphia & Garrettford Street Railway Co 

Philadelphia & West Chester Traction Co.: 

A 

B 

Philadelphia A Western Railway Co 

Phoenixville, Valley Forge & Strafford Electric Railway Co 

Phoenix Water Power Co 

Pine Grove Electric Light, Heat & Power Co 

Pittsburgh, Harmony, Butler & Newcastle Railway Co. . . . 

Pittsburgh Railways Co 

Pittsburgh & Allegheny Valley Traction Co 

Pittsburgh & Beav^er Street Railway Co 

Pittsburch, Mars & Butler Railway 

Plymouth & Larksville Railway Co 

Pottstown & Phoenixville Railway Co 

Prospect Rock Light & Power Co 

Railroad Electric Light & Power Co 

Ravstown Water Power Co. : 

A : ; 

B 

Reading Transit & Light Co 

Redbaxik Electric Co 

Renovo Edison Light, Heat & Power Co 

See Keystone Electric Service Corporation 

Ringtown Electric Light, Heat & Power Co • 

Roaring Spring Light, Heat & Power Co 

Rockwooa Electric Co 

St. Marvs Electric Light Co 

Sayre filectric Co 

Schuylkill Electric Co 

Schuylkill Gas & Electric Co 

Schuylkill Li^ht, Heat & Power Co 

Schuylkill Railwav Co .^ 

Schuylkill Valley ^Traction Co 

Scranton Electric Co. : 

A 

B 

C 

Scranton Railwav Co 

Scranton & Bingnamton Railroad Co ' 

Shamokin & Eogewood Electric Railway Co 

Shamokin & Mount Carmel Transit Co 

Sharon & New Castle Street Railway Co 

Shenango Valley Electric Light Co 

Shermans Valley Li^t, Heat & Power Co 

Shippenburg Gas & Electric Co. : 

B!.*.'!ll!!!l!li!!'!'llll*!!l!!!ll!ll!llllll*ll'!ll!l 
c 

Slate Belt Electric Street Railway Co 

Solar Electric Co 

South Bethlehem & Saucon Street Railway Co 

Southern Cambria Railway Co 

Southern Pennsylvania Traction Co 



Station. 



Edison. 

Callowhill. 

Tacony. 

Delaware. 

Schuylkill . 

Manayunk. 

Philadelphia. 

Beach Street. 
Market Street. 
Wyoming Avenue. 
Upper Darby. 
Mount Vernon Street. 

West Chester. 
Cromby. 
Doylestown. 
Upper Darby. 

Ridley Creek. 
Llanerch. 
Upper Darby. 
Phoenixville. 

Do. 
Pine Grove. 
Harmony. 
Pittsburgh. 

Do. 

Do. 
Renfrew. 
Wilkes-Barre. 
Philadelphia. 
Geoigetown. 
Railroad. 

Main. 

Auxiliary. 

Reading. 

New Bethlehem. 

Renovo. 

Ridgway, etc. 

Ringtown. 

Roaring Spring. 

Rockwooa. 

St. Marys. 

Sayre. 

Girardville. 

AUentown. 

Girw^ville. 

Do. 
College ville. 

Pittston. 

Suburban. 

Linden Street. 

Scranton. 

Dalton. 

Shamokin. 

Mount Carmel. 

Youngstown. 

Sharon. 

Landisburg. 

Roxbury. 

Shippensburg. 

Lurgan. 

Penn Argyl. 

Brookville. 

South Bethlehem. 

Brookdale. 

Chester. 
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Table 100. — ElectnC'poib& companies engaged in public eervice in the States in whidh the superpower zone is situated — Con. 

PeBB«]rtraBla— Caatinued . 



No. 



7825 
7827 
7828 
7829 
7830 
7832 
7833 



7833-1 
7834 

7834-1 
7835 
7836 
7837 
7838 
7839 
7840 
7841 
7842 
7843 
7845 
7846 
7848 
7849 
7851 
7852 
7853 
7854 
7855 
7856 
7857 
7858 

7858-1 
7859 

7860 
7861 
7862 
7863 
7866 



7867 
7868 
7870 
7871 
7872 
7873 



7874 
7876 
7877 
7878 
7879 
7880 
7881 
7882 
7882-1 
7883 
7884 
7885 



Operating company. 



South Side Passenger Railway Co 

State Center Electric Co 

Strasburg Electric Light, Heat A Power Co. 

Stroudsbuig Electric li^t & Power Co 

Stroudflburg Traction Co. 



Sunbury & Susquehanna Railway 

Suequenanna County light & Power Co. : 
A 



B 



Susquehanna Traction Co 

Tarentum, Brackenridge & Butler Street Railway Co 

Tatamy Light. Heat A rower Co 

TituBville Lignt & Power Co 

Titusville Traction Co 

Titusville & Cambridge Railroad Co 

Towanda Electric Illuminating Co 

Trenton, Bristol A Philadelphia Street Railway Co 

Treverton Electric Li^t & Power Co 

Tri-Coimty Electric Co .• 

Troy Electric Light, Heat & Power Co 

Tunkhannock Electric Co 

Union City Electric Light Co 

United Electric Co 

United Electric Light Co 

United Lightj Heat & Power Co 

United Lighting Co 

Vallamont Traction Co 

Vandergrift Electric Light & Power Co 

Warren Light & Power Co 

Warren Street Railway Co 

Warren A Jamestown Street Railway Co 

Waterford Electric Light Co 

Waynesburg & Blackville Street Railway Co 

Waynesboro Electric Co 

Weoeter, Monessen, Belle Vernon & Fayette City Street Railway 
Co. 

Weimer Electric Light & Power Co 

Wellsboro Electric Co 

West Chester, Kennett & Wilmington Electric Railway Co 

Westmorehmd County Railway Co 

West Penn Power Co. : 

A 



Station. 



B. 
C. 
E. 
F. 
G. 
H 
J. 



West Penn Railways Co 

West Side Electric Street Railway Co 

Whitehall Street Railway Co 

White Haven Electric Illuminating Plant. 

White Oak Lirfit, Heat & Power Co 

Wilkee-Barre Co. : 

A 

B 



Wilkes- Baire Railway Co 

Wilkes-Bane & Hazleton Railway Co 

WUkes-Barre d Wyoming Valley Traction Co. 
Williamsport Passenger Railway Co 



Windber Electric Co 

Woodlawn & Southern Street Railway 

Wrightsville L^ht & Power Co 

WilBam Ellsworth Electric Co 

Yeagertown Water Power Co 

Yorkhaven Water & Power Co 

York Railways Co 

ZeUenople Light & Power Co 



Williamsport. 

Milesbuig. 

Strasburg. 

AUentown. 

Stroudsburg. 

Rolling Green. 

Oakland. 

Lanesboro. 

Lock Haven 

Tarentum. 

Tatamy. 

Titusville. 

Do. 

Do. 
Towanda. 
Croydon. 
Treverton. 
Lincoln. 
Troy. 

Tunkhannock 
Union City. 
Lemoyne. 
Wilmerding. 
Stoyestown. 
Albion. 
Williamsport. 
Vandergnft. 
Warren. 
Stoneham. 
Warren. 
Waterford. 
Waynesburg. 
Waynesboro. 
Chiurleroi. 

Mount Gretna. 
Wellsboro. 
Kennett Square. 
Pittsburgh. 

Ohiopvle. 

Connellsville. 

Ligonier. 

Washington. 

Wa3me6Duig. 

Kittanning. 

Butler. 

Springdale. 

Pittsbuii^h. 

Charleroi. 

AUentown. 

White Haven. 

Hollsopple. 

North River Street 

Bennett Street 

Wilkes-Barro. 

St. Johns. 

Wilkee-Barre. 

Williamsport. 

Windber. 

Pittsburgh. 

Wrightsville. 

Wyalusing. 

Yeagertown. 

Yorkhaven. 

York. 

ZeUenople. 
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Table 100. — EUctric-power companies engaged in publw service in the States in which the superpower zone is situated — Con. 

Rhode IflUad. 



No. 



7900 
7901 



7902 
7900 



7904 
7905 
7906 
7909 
7910 
7911 
7911-1 
7913 
7915 
7914 
7916 



Oporatlnjj company. 



See Eastern Massachusetts Street Railway Co 
Blackstone Valley Cras & Electric Co. : 

B 

C 

D 

Bristol County Gas & Electric Co 

Eastern Massachusetts Street Railway Co.: 

Municipal electric plant 

Narragansett Electric Lighting Co 

Narragansett Pier Electric Light & Power Co 
Providence, Warren & Bristol Railroad Co... 

Rhode Island Co 

Rhode Island Power Transmission Co 

F. A. Sayles 

Tiverton Electric Light Co 

Westerlv Light <k Power Co 

West Gloucester Light <& Power Co 

Wickfoid Light & Water Co 



station. 



Portsmouth, etc. 

Pawtucket. 
Woonsocket. 
Jencks Lane. 
Bristol. 

Portsmouth. 

Newport. 

Pascoag. 

Providence. 

Wakefield. 

Warren. 

Providence. 

Worcester. 

Samoset. 

Tiverton. 

Westerly. 

Putnam 

Wickford. 



Vermont. 



8700 
8701-1 



8703 
8703-1 
8705 
8706 
8708 



8708-1 
8709 
8712 
8713 
8716 



8716 
8718 
8719 
8720 
8721 



8723 
8724 
8726 
8727 
8728 
8731 
8733 
8734 



William F . Al len Light Co 

Bellows Falls Electric Co.: 

A 

B 

W. E. Benson 

Berkshire Street Railway Co ". 

Bradford Electric Lighting Co 

Brid^ewater Electric Co 

Burlington Light & Power Co.: 

A 

B 

Burlington Traction Co 

Chester Water A Light Co 

See Vermont Hydro-Electric Corporation 

Connecticut River Power Co 

Eastern Vermont Public Utilities Corporation 

A 

B 

C 

D 

E 

F 

Electric Light & Power Co 

Fall Mountain Electric Co 

Frontier Electric Co 

Glover Electric Light Plant 

Hortonia Power Co. : 

A 

B 

C 

D 

F 

G 

H 

J 

L 

M 

Island Pond Electric Co 

Jones & Lamson Power Co 

B. J. Kendall Co 

Lunenburg Manufacturing Co 

Lyman Falls Power Co 

mddlebury Electric Co 

Missisquoi Lighting Co 

Miflsisquoi Pulp Co 



Canaan. 

Rockingham. 

Water. 

Weston. 

New Haven. 

Bradford. 

Bridgewater. 

Colchester. 
Essex Junction. 
Veigennes. 
Chester. 
Cavendish, etc. 
Vernon. 

Bamet. 
Groton. 
Do. 
Rvegate. 
Wells River. 
Joes Pond. 
South Londonderry. 
Forest. 
North Troy. 
Glover. 

Bethel. 

Bristol. 

Gavsville. 

Bethel. 

Hortonville. 

Brandon. 

Salisbury. 

Silver Lake. 

Middlebury. 

Waybridge. 

West Charleston. 

Perkins ville. 

Enosburg Falls. 

Lunenbure. 

Bloomfield. 

Middlebury. 

Highgate. 

Sheldon. 
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Tablb 100. — EUtthe-power eompanie$ engaged in public service in the States in which the euperpower zone ie ntuotod— Om. 



No. 



8735 



8736 
8737 
8738 
8740 
8741 
8742 
8743 
8744 
8745 
8746 
8747 
8748 
8749 
8760 
8761 
8752 



8752-1 
8753 
8754 
8755 
8756 



8758 
8762 
8763 
8764 
8765 
8765-1 
8766 
8767 
8768 
8769 
9771 



8712 
8774 



8774-1 
8775 

8777 
8778 



8780 



8781 



Opamtins compftsy. 



Montpelier & Barre Light d Power Co.: 

A. .......... ...v.... ....... ........ 



B. 
C. 
D. 
£. 
F. 
G. 



Mo\int Manafield Electric Railroad Co. 

Municipal electric plant 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

NelflondHallCo.: 

A 

B 

New England Power Co 

Newport Electric Light Co 

Pittflford Power Co 

Powers Electric Co 

Public Electric Light Co.: 

A 

B 

Reading Light A Power Co 

Rochester Electric Light & Power Co. 

Royalton Power Co 

Rtrtland RaUway Light & Power Co... 

St. Albans A S wanton Traction Co 

Sheldon light & Power Co 

W.J.Smith 

Sprins:field Electric Railway Co 

Stamford Light, Heat d Power Co 

Sweat-Comings Co 

Twin State Gas & Electric Co. : 

A 



B. 
C. 
D 
E. 
F. 
G. 



Vermont Hydro-Electric Corporation: 

A 

B 

Vermont Marble Co.: 

A 



B. 

C. 
D 
E. 
F. 



Vermont d Quebec Power Corporation. 

Vermont Soapstone Co 

Wilmington Electric Light Co 

Windsor Electric Light Co. : 

A 

B 

Woodbury Granite Co. : 

A 

B 

Woodstock Electric Co 



Stetioii. 



Berlin. 

Middlesex. 

Moretown. 

Montpelier. 

Moretown. 

North Duxbury. 

Montpelier. 

Stowe. 

West Charleston. 

Burlington. 

Enosbuig FaUs. 

Wolcott. 

Hyde Park. 

Johnson. 

Ludlow. 

Lyndonville. 

Cadys Falls. 

Northfield. 

Orleans. 

Readsboro. 

Highgate. 

West Burke. 

Samsonville. 

Montgomery Center. 

Readsboro. 

Newport. 

Pittsford. 

Richmond. 

St. Albans. 

Fair&x Falls. 

Felchville. 

Rochester. 

Royalton. 

Rutland. 

St. Albans. 

Sheldon Springs. 

Sheffield. 

Springfield. 

North Adams, Mass. 

Richford. 

Bennington. 
St. Johnsbury No. 1. 
St. Johnsbury No. 2. 
St. Johnsbury No. 3. 
St. Johnsbury No. 4. 
West Dununerston. 
St. Johnsbury No. 5. 

Cavendish. 
Mendon. 

Beldens. 
Center Rutland. 
Florence. 
Huntington Falls. 
Proctor. 
West Rutland. 
Stevens Mill. 
Perkinsville. 
Wilmington. 

Windsor No. 1. 
Windsor No. 2. 

Mackville. 

Do. 
Taftsville. 
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Table 100. — Electric^power companies engaged in public service in the States in which the superpower zone %s situated-^^km, 

Vlfslala. 



No. 



8800 
8801 
8802 
8803 



8804 
8806 
8807 
8808 
8800 
8810 
8812 
8813 
8814 
8815 
8816 
8817 
8818 



8819 
8820 
8822 
8825 
8826 
8827 
8828 



8829 
8830 
8831 



8832 
8833 
8834 
8835 
8837 
8838 
8838-1 
8839 
8840 
8842 
8843 
8844 
8845 
8846 
8847 
8848 
8849 
8850 
8851 
8852 
8853 
8854 
8857 
8858 
8812 
8860 
8861 
8862 
8863 
8865 
8866 
8867 
8868 



Abingdon Utilities Co. 
Alexandria County Lighting Co. 
AltaVista Light & Power Corporation 
Appalachian Power Co. : 

A 

B 

C 

D 

Arlington Electric Co *. 

Bloxom Electric Light Co 

Shenandoah Traction Co 

Braddock Li^ht & Power Co 

Charlottesville & Albemarle 

Chatham Li^ht & Power Co 

Nottoway Light & Power Co 

Culpeper Li^t & Ice Co 

Damascus Light & Power Co 

Danville Traction & Power Co 

Delmarvia Light, Heat & Refining Corporation 

Electric Light & Power Co 

Electric Transmission Company of Vii^ginia: 

A 

B , 

Emporia Hydro-Electric Power Corporation 

Exmore Light & Power Co 

Grundy Li^t A Power Co 

J. H. ACT. Hopkins.t 

Halifax Hydro-Electric Co 

Independence Electric & Milling Co 

Leesburg Electric Co.: 

A 

B 

light & Power Co. of Rockymount 

London Light & Power Co 

Lynchburg Traction & Light Co. : 

A 

B 

J. D. Manor A Co 

Monterey Garage A Light Co 

Municipal electric plant 

do 

. . i . .do 

do 

do 

. ... . .do 

do : 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Giles Power Co 

New York, Philadelphia A Norfolk Railroad 

Newport News A Hampton Railway, Gas A Electric Co 

Norfolk Southern Railroad Co 

North River Electric Co 

Nottoway Light A Power Co 

Old Dominion Power Co 

Onancock Light A Power Co 

Orange Lirfit Co 

Peninsula Light A Power Co 

Peoples Light, Heat A Power Corporation 

Petersburg, Hopewell A City Point Railway Co 

Prince Gwrge Electric Light A Power Co 

Radford Water Power Co 



station. 



Abingdon. 

Alexandria. 

AltaVista. 

No. 2, Bylleeby. 

No. 4, Byllesby. 

Glen jLvn. 

Clinchneld. 

Alexandria. 

Bloxom. 

Staunton:. 

Roslyn. 

Charlottesville. 

Chatham. 

Crewe. 

Culpeper. 

Damascus. 

Danville. 

Chinooteague Island. 

Remington. 

Big Stone Gap. 

Pocket. 

Ehnporia. 

Exmore. 

Grundy. 

Parksley. 

Houston. 

Independence. 

Steam. 
Goose Creek. 
Rockymount. 
Puroellville. 

Reusen. 

Blackwater. 

New Market. 

Monterey. 

Basic. 

Bedford. 

Chase City. 

Danville. 

Dayton. 

Farmville. 

Franklin. 

Riverton. 

Gordonsville. 

Harrisonbunr. 

Lawrenceville. 

Manassas. 

Martinsville. 

Richmond. 

Salem. 

Sheniandoah. 

Staunton. 

Narrows. 

Cape Charles. 

Hampton. 

BajrviUe. 

Bndgewater. 

Crewe. 

Dorchester. 

Onancock. 

Orange. 

Tasley. 

West Point. 

Petersburg. 

Hopewell. 

Radford. 
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Table 100. — EUctric-power companies engaged in public urvice in the States in which the superpower zone is situated— Con, 

VIrgliila— Continued. 



No. 



8869 



8871 
8871-1 
8872 
8876 
8877 



8880 
8881 
8807 
8882 
8883 
8884 
8885 
8886 
8887 
8889 
8890 
8890-1 
8891 
8892 



8898 

8899 

8899-1 



889d-2 
8899-3 



Operatini; company. 



Rappahannock Electric Light & Power Co.: 

A 

B 

Municipal electric plant 

Richmond- Ashland Railway Co 

Richmond & Chesapeake Bay Railway Co 

Riverside Liffht & Power Co 

Roanoke Railway & Electric Co. : 

A 

B 

Rural Retreat Power Co 

Shenandoah River Light & Power Corporation 

Shenandoah Traction Co 

Smithfield Li^t & Power Co 

South Boston rower Co 

South Hill Manufacturing Co 

Spottsylvania Power Co 

Stanley Milling Co 

Staunton Lighting Co 

Tazewell Electric Light & Power Co 

Tazewell Street Railway Co 

Victoria Ice, Li^t & Power Co 

Valley Light & rower Co 

Viiginia Alberene Corporation: 

A , 

B 

C 

Warrenton Electric Light A Power Co 

Washington & Old Dominion Railroad Co 

Weyers Cave Light & Power Co. : 

A 

B 

Woodstock Electric Light & Power Co 

Waverly Light A Power Co 



station. 



Steam, Fredericksburg. 
Hydroelectric, Fredencksbuig. 
Richland. 
Richmond. 

Do. 
Waynesboro. 

# 

Niagara. 

Roanoke. 

Rural Retreat. 

Luray. 

Staunton. 

Smithfield: 

South Boston. 

South HiU. 

Fredericksburg. 

Stanley. 

Staunton. 

Tazewell. 

Do. 
Victoria. 
Woodstock. 

No. 1, Schuyler. 
No. 2, Schuyler. 
No. 3, Schuyler. 
Warrenton. 
Rosslyn. 

Rockland. 
Grottoes. 
Woodstock. 
Waverly. 
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Pace. 

AeknowIedgsMiits for aid and infonnatloD lo,20,25,2»-31, 58 

Advisory board, appointment and work 10 

Alexander, Magnus W., serrioeon the advisory board 27 

Allentown, Pa. 8u load ttnUn in teNef . 

Altematins^unent system, advantages and disadvantages 8 

Anthracite ooal. See Coal, anthradte. 

Anthracite ooal fields, steam-electric plants in, character and 

quantity of ooal available 1»-W0 

steam-electric plants in, cost of energy 1^ 

siteesuitable IW 

Anthracite coal mines, power-supply equipment and f lel used — 120- 

121, 143 

Anthracite division, diversity from Metropolitan and Southern 

divisians 21 

Appropiiatiai,Oovemmant, amount and conditions. 0.31 

Aichbold, W. K., expert service. ** 

Area to be supplied, limits 13fS5 

Armstrong, A. H., expert service. 28 

Assigned locomotives, definition 1^ 

Automobile manulactories, power-supply equipment and fuel 

used 112-113,142 

B. 

Bakeries, power-supply equipment and fuel used 90-01, 142 

Baltimore, Md., hydroelectric plant needed near 13 

8u alto load centers in tables. 

Barstow, W. S., expert service • 28 

Base-load plant defined 1^ 

Baseloads, new plants to carry ~ 17 

Bituminous ooal fields, steam-electric plantsdot now feasible 191 

sites for future steam-electric plants 191 

Black River, hydroelectric development 198-199 

Blast furnaces, isolated, saving of waste gases 144 

power-supply equipment and fuel used 98-09, 142 

Boston, Mass.,steam-electric power plant needed near 13 

See also load centers in tables, 

Bradford, H.B.,expertservice 28 

Breckenildge, Lester P., member of committee appointed by 

Engineering Council 9 

servioe as cbairman of advisory board 10,27,28 

Bridgeport, Conn., steam-electric plant needed neftr 13 

8u obo load centersin tables. 
Brockton, Mass. See load centers in tables. 
Buckland, Edward O., service on the advisory board 27 

suggested superiwwer survey 9 

Bureau of Mines, representation 10 

Butler, Henry W., service as a division engineer 27 

Goodwin, H.,ir., and others, industry in the superpower sone. 85- 

147 

C. 

Capacity, effective, defined 15 

Capacity factor defined 5 

Capital, amounU required in 1919, 1925, and 1030 12, 17, 21-22, 166, 168 

estimated earnings 12 

interest cost 20,226 

See also Investment. 
Car manu&cturing not by railroads, power-supply equipment and 

fuel used 114-115,142 

Carpet and rug industries, power-eupply equipment and fuel 

used 94-05,142 

Catenary system, cost of installation 68-4S0 

Cement Industries, power-supply equipment and fuel used . . 108-109, 142 

saving of coal 144 

Census Bureau, tabulated data obtained from 85 
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Charges, fixed, definition , 15 

fixed, percentages 226 

Chemical industries not otherwise specified, power-supply equip- 
ment and fuel used 108-109,142 

Clay industries, power-supply equipment and fuel used 110-111, 142 

Clothing industries, power-supply equipment and ftiel used. . . . 96-417, 142 

Coal,availabUity 13 

consumption per kilowatt hour 17,23,46,48 

contributors of information 30 

equivalent, meaning and estimates 63 

ownership of mines and facilities for delivery 25,222 

pulverised, provision tat use 224 

quantitisB and cost, for producing electric power 46,48 

requirements for 1010, 1925, and 1030 163-166 

saving expected 12,6WJ3,168 

saving in cement industry 144 

storage 26^222 

anthracite, cost and quantity required for stea m dert rie 

plants 26^220-221 

distribution and use 210 

quantity available for steam-electric plants 19^190 

bituminous, cost 25,220^221-222 

eost, how determined 63 

distribution and use 219 

districts and delivery routes 210-220 

map showing 220 

power plants using, perfarmanoe and operating oost 46,47 

See also Fuel. 

Coal by-products, contributors of information 30 

Coal mines, anthracite, fuel used 144 

ownerdiip 222 

Coke ovens, power-supply equipment and fuel used 108-107, 142 

Communication, fadlitles 214 

Conclusions summarised 12-13 

Connecticut, dectrio*power companies engaged in public servioe. 228-229 

power-supply equipment of industries 125-129 

Connecticut River, hydroelectric development 24, 199-200 

Construction, overheiid charges i 220 

sequence 12-13 

Contributions of money, acceptance authorised 9 

amount 10 

Cost, operating, defhied 15 

production, defined 15 

reproduction, defined % . 15 

transmission system, defined 16 

Cost of power, use of term 12 

Cost of power delivered, definition 15 

Cost of power produced by steam-electric plants in the anthradte- 

ooal region 190 

Cost of power produced by the superpower system compared with 

oost if produced by independent electric utilities . 22, 168-181 

Cost of the superpower system 20-22, 148-181 

Cotton goods, small wares, and laoe industries, power-supply 

equipment and fuel used 92-93,142 

D. 

Definitions of terms used 15-16 

Delaware, power-supply equipment of Industries 138-139 

Delaware River, hydroelectric development 13, 24, 196-197 

Delivery routes for coal in 1930, map showing 220 

Demand for power, Franklin K. Laneon 9 

in 1919, 1925, and 1930 148-151 

Depreciation and obsolescence 226 

Direct-current system, advantages and disadvantages 18 

District of Columbia, electrio-power companies engaged in pub- 

licservlce 229 

water-supply equipment of Industries 138-130 

257 
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Page. 

Diveralty, range and effect 154-155 

three kinds defined 154 

DlTeralty economy, defined 15 

ImiKvtance 21 

01veraity factor, defined 15 

Divisions, geograpbie 32 

Dyeing and finishing industries, power-supply equipment and 

faelused 96-97,142 

E. 

Economy, expectation from coordinating electric utilities 12, 17 

expectation from electrifying railroads 12, 19 

62-63, 65-67, 76-78. 80, 81-83 

expecUUon in industries 12,19-20,144,145-147 

means for attaining 14-15 

Eooncmiy, diversity, defined 15 

Edgar, Charles L., service on the advisory board 27 

Electric poww, alternating-current and direct-current systems 

compared 54 

cost to railroads 63-64 

Eleetrio-power companies engaged in public service, names and 

addresses 227-255 

Electric power plants, future, proper locations 16 

Electric utility load, distribution 16 

distribution, plate showing 35 

growth 16 

plate showing 34 

Electric utilities, capacity of plants 16 

capita 1 required 12 

existing, status in 1919 32-49 

steam plants to be retained in the superpower system, 

character, and. location 22-23 

summary 10-17 

Electrical machinery industries, power-supply equipment and 

fuel used 118-119,142 

Electrification of heavy-traction railroads, advantages 51-52 

Energy. See Power. 

Engineering staff, personnel • 27 

selection 10 

Equipment, motive-power, standardisation for railroads 18 

"ExpeoM, general, defined 15 

general, items included. 26, 226 

relation to gross revenue 26^ 226 

Explosives manufactories, power-supply equipment and fuel 

used 106-107,142 

F. 

Fabrics and nuiteriafci not otherwise specified, manufactories of, 

power-supply equipment and fuel used 96-97, 142 

Factor, capacity, defined 15 

diversity, d^Qned 15 

load, defined : 15 

Factories. See Industries. 

Finance, contributors of information 30-31 

Fixed charges, definition 15 

percentages 226 

Flood, Henry, jr., service as engineer-secretary 27 

and others, Steam-electric plants for the superpower system 18^191 
Wellwood, A. R., and others. Performance and cost of the 

superpower system 148-181 

Flour>mill and grist-mill industries, power-supply equipment 

and fuel used 90-91, 142 

Foods not otherwise specified, manufactories of, power-supply 

equipment and fuel used 92-93, 142 

Foran, Qeorge, expert service 28 

Foreword by George Otis Smith 9-10 

Frequency, cost of equipment for 60-cycIc and 2^jc\e 1 •')3 

standard, considerations affecting chdoe 16, 21, 152-153 

Frequency-changer stations, cost 215-216 

Fuel,proce8s, employment 25-26, 223 

process, provision for use 185 

sources and cost 223,225 

See aUo Coal. 
Funds . See Appropriation, Money . 

Furniture and lumber products not otherwise specified, manufac- 
tories of, power-«upply equipment and fuel used . 100-101, 142 



Q. 

Page. 

Oas, usein intemalcombustion engines 224 

Qas-works, power-supply equipment and fuel used 106-107, 142 

Generating capacity required undw independent and under 

superpower operation 17,46 

Glass Industries, power supply equipment and fuel used. . 110-111» 142 
Goodwin, Harold, Jr., service as an assistant division engineer. . 27 
Butler, H. W., and others. Industry in the superpower zone 85-147 
Government Institutions, power-supply equipment and fuel 

used 122-123 

Grados,eIectric energy required 61 

Grover, N. C, service as hydraulic engineer and In administration 10^ 37 

H. 

Hanker, F.C., expert service 28 

Hardin, Abraham T.. service on the advisory board 27 

Harrisburg, Pa . See load eenUre in tablet . 
Hartford, Conn . See load cerUere in tablet . 
Hazleton, Pa. See load centert in tablet. 

Hood, O. P., service as member of engineering staff 10^ 27 

and others, Use of process fuels and pulverized coal for base- 
load steam-electric plants 223-225 

Hoover, Herbert, service on the advisory board 27 

Horton, A. H., Stations and transmission lines of electrio-powtf 

companles engaged in public service 227, 255 

Hudson River, hydroelectric development 24, 197-196 

Hudson River region, power plants needed 13 

Hunt, F. L.,expert service 28 

Hutchinson, Dr. Cary T., service as a division engineer 2> 

McPherson, N. C, and others, Proposed electrification of 

heavy-traction railroads in the superpower zone 50-8S 

Hydroelectric plants, advisability 192, 198 

investment cost 24, 202 

types 192 

existing, capacity and output 201-202 

operatingcost 203 

percentage of total power-plant capacity 153 

perf(Mrmance 43-45 

Hydroelectric power, economy from Joint use with steam-electric 

power 21-22 

increased use proposed 21 

resources 13 

map showing 192 

I. 

Ice manufacturing, power-supply equipment and fuel used. IlH-i 19, 142 

Imlay, Lorin £., service as a division engineer 27 

The superi>ower transmission system 204-217 

and others. Reliability of service 218 

Rutherford, T.B., and others. Electric utilities in independ- 
ent operation in the superpower zone in 1919 32-49 

Whitsit, L. A., Peterson, B. J., and others, Hydroelectric 

plants for the superpower system 192-203 

Industries , by-product power 20 

capital required for superpower equipment 12 

conservation of coal possible 19, 20|, 85, 143» 144 

contributors of Information 29-90 

economy possible, in cost of power 12; 19, 20, 143-144, 147 

in heating and process work 143,144 

kinds considered 85 

locations, plate showing 86 

miscellaneous, power-supply equipment and fuel used. . 120-121, 142 

power , cost 146-1 47 

quantities developed, purchased, and used 19, 20 

power plants, isolated, map showing 86 

power-supply equipment used, past and predicted future 145 

power-supply equipment and fuel used, by character of pow^ 

supply 88-80 

by Industry subgroups.'. 90-123, 142 

by size of plant 88-80 

sunmiary and analysis 143-144 

statistics affected by changes 88 

summary of survey 10-20 

tables, purpose and scope 87 

terms used 85-88 

waterworks not included 144 

Insull, Samuel, early contention that power for railroads should 

be obtained from electric utility plants 18 



INDEX. 



259 



Page. 



Insunnoe, estiinate 

IntenBt, XBte neoesaary to ftttiact capital 20, 

InTestment, fixed charges 225 

See aUo Capital. 
Iron and steel Industries not otherwise spedfled, ponrer-eupply 

equipment and fuel used 100>10l,143 

Iron smelters, saving of waste gases 144 

J. 

Jackson, D. C, member of committee appointed by Engineering 

Council » 

K. 

KeDy, Col. William, service on the advisory board 27 

Knitting industries, power*eapply equipment and fbel used. . 92-48, 142 



Lane, Franklin K., conference with 9, 11 

on the demand for power 9 

recommended appropriation for survey 9 

Laundries, power-supply equipment and fuel used 120-121, 142 

Law, contributors of information 80-31 

Leather-goods industries, power-supply equipment and fuel used . 109- 

103,142 
Leather production, ixiwer-supply equipment and ftael used . 108-103, 142 

Lee, Elisha, service on the advisory board 27 

Leeper, John B., expert service 28 

Leighton, M. O., member of committee appointed by Engineering 

Council 9 

Lesher, C. E., Tryon, F. O., and others, The relation of coal and 

coal-delivery routes to the superpower system 219-222 

Lincoln, P. M., exjMrt service 28 

Liquor and beverage industries, power-supply equipment and 

fuel used 104-105,142 

Uttle, Arthur D., service on the advisory board 27 

I/oad, deoentnlization possible 20 

electric utilities, distribution and growth 10 

distribution and growth, plates showing 34,35 

growth, annualrate 16 

past and estimated future. 154 

Load centers, location 32 

lioad factor, defined 15 

trend, past and estimated future 21, 156 

Locomotives, assigned, definition 15 

electric, advantages., 19,51-52,60 

classes 52-53 

cost 70 

cost of maintenance 66-66 

energy used €0 

locomotive hours 72-74 

mileage ^ 71 

number required for service as in 1919 70 

not by railroads, i)ower-supply equipment and fuel used . . 98-90, 142 

steam, cost of maintenance 64-65 

disadvantages 51-^,60 

locomotive hours 71-72 

mileage 71 

released value 76 

weight on drivers 53 

Lowell, Mass., steam-electric power plant needed near 13 

See aho load eentera in tablet . 
Lumber indtistries, power-supply equipment and fuel used . . lOO-lOl , 142 



M. 



27 
27 
27 



IfcOraw, James H., service on the advisory board 

HacLaren, Malcolm, service as an assistant division engineer 

McPherson, Norman C, service as an assistant division engineer. . 

Hutchinson, Cary T., and others, Proposed electrification of 

heavy-traction railroads in the superpower tone 50-83 

Maine, electrio-power companies engaged in public service. 220-231 

water-power resources 201 

Manufactures. Su Industries. 

Market for superpower energy in 1930 12 

Maryland, electno-power companies engaged in public service . . 231-232 

power-supply equipment of industries 140-141 

Massachusetts, electric-power companies engaged in pubhc service . 232- 

235 

power-supply equipment of Industries 124-127 | 



Page. 
Metal-product mannfltrtoriee, miscellaneous, power-supply equip- 
ment and fuel used 116-117,142 

other than iroo and steel, power-supply equipment and fuel 

used 112-113,142 

Metal smelters other than iron and steel, power-supply equipment 

and fuel used 110-111,142 

Mines, except anthracite, and quarries, power-supply equipment 

and fuel used 122-123.142 

Mining regions. See Anthracite coal fields and Bituminous coal 
fields. 

Money for superpower survey, amount appropriated 31 

amount contributed 10,31 

i8e« also Capital. 
Murray, W. 8., appearance before House Committee on Appropria- 
tions 9 

appointed chief of engmeering staff 10 

report on Organization 27-31 

selected engineering staff 10 

suggested superpower survey 9 

Sumnaary report 11-26 

N. 

NesbltfWiOiam, expert service 28 

Newark, N.J. See load eenUre in tablet. 

New Bedford, Mass. See load eentert in table*. 

New Brunswick, N.J. Su load center t in tablet. 

Newburyport, Mass., steam-electric power plant needed nfar 13 

See aleo load eentera in tablee. 

New England Power Co., equipment 11 

New Hampshire, electric-power companies engaged in public 

service 235-236 

power-eupply equipment of industries 124-125 

New Haven. Conn., steam-electric plant needed near 13 

See alto load eentert in tablet. 
New Jersey, electrio-power companies engaged in public service. 236-238 

power-supply equipment of industries 132-135 

Newlin, E. M., service as an assistant division engineer. 27 

New York, electrio-power companies engaged in public service. . 238-245 

power-supply equipment of industries 128-133 

New York City, concentration of load .' 16 

diversity among four utility companies 154 

Su alto load untert in tablet. 
New York Central Railroad, early provisions for electromotive 

power 18 

New York, New Haven & Hartford Railroad, early provisions for 

electromotive power is 

New York, Ontario & Western Railway omitted fh»n survey .... 75 
Niagara River, additional development 201 

price of power 24 

use of power in 1932 22,164,170 

Northampton, Mass. Su load eentert in tablet. 

Norwich, Conn., steam-electnc plant needed near 13 

Su alto load eentert in tablet. 

O. 

Obsolescence and depreciation 226 

Oil, use for power to remain small 88 

Operating cost defined 15 

Order of construction, conditions determining 12 

schedule advised 13 

Organization of the survey 27-31 

P. 

Paper and wood-pulp mills, power-supply equipment and fuel 

used : 102-103,142 

Paper maniifactures,power-supply equipment and fuel used . lO^-ia'), 142 

Pardee, John H., service on the advisory board 27 

Parsons, William Barclay, expert service 28 

Paterson, N.J. Su load eentert in tablet. 

Pattison, Hugh, expert service 28 

Payne, John Barton, appointed advisory board 10 

Peak demand, volume in 1919, 1925, and 1930 148-149, 157-161 

Peak-load plant defined 15 

Peak loads, excess of capacity 17 

existing plants to carry 17, 21 

hydroelectric plants to carry 24 

small requirements of energy I6-17 

times and hours 16 
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PemuylTanlai electrio>power companies engaged in public serv- 
ice 24&-251 

power-supply equipment of industries 135-138 

Performance of the superpower system 20-22, 148-181 

Perkins, Henry C, service on the advisory board 27 

Peterson, B. J., service as an assistant division engineer 27 

Imlay, L. E., Whltsit, L. A., and others, Hydroelectric plants 

for the superpower system 193-203 

Petroleum refineries ,powar-8upply equipment and fuel used . . 106-107, 142 
Philaddphia, Pa. 8u load centers in tablet. 

Philadelpliia Electric Co.,, Delaware station 12 

Pittsfleld, Mass., power plant needed n^ 13 

See also load centere in tables. 

Pittston, Pa., steam-electric plant needed near 13 

Plant, base-load, defined 15 

peak-load, defined 15 

Plants, electric, average capacity 16 

existing hydroelectric, capacity and cost 14, 156-161 , 201-203 

reproduction cost 17, 49 

existing industrial , map showing 86 

existing steam-electric, capacity and cost 14, 21, 156-161, 182-184 

reproduction cost 1 7 , 49 

retention in the superpower system ^. 22-23, 182-184 

inefficient, elimination 157,109 

proposed hydroelectric, location, capacity, and cost 21, 

15&-161, 192-203 

proposed steam-electric, location, capacity, and cost 14, 

21,23. 156-161, 18+-191 
Port Jervis, N. Y. See load centers in tables. 
Potomac River, condensing-water supply for a steam-«lectric 

plant 191 

hydroelectric development 13,34, 191, 194-195 

Pottery. See Clay industries. 
PottsviUe, Pa. See load centers in tables. 

Poughkeepsie, N. Y., power plant needed near 13 

See also load centers in tables. 

Power, advances in the art of production 23 

capacity of present and new steam-electric and hydro^Iec- 

tricplants 21,166-161 

cost per kilowatt hour 17 

demand for, Franklin K. Lane on 9 

hydroelectric, production cost 48-49 

kilowatt hours required by isolated industries in 1919 144-145 

kilowatt hours required in 1919, 1925, and 1930 148-151 

purchase by industries 19-20 

relative cost of producing by large and small units 17 

steam-electric, production cost 48-49 

Power delivered , cost of, d^lned 16 

Power plants. See Plants, hydroelectric, and Plants, steam- 
electric. 
Power stations used in public service, map of northeastern United 

States showing In pocket. 

Pojrer-supply equipment by counties 124-141 

Pragst, Ernest W., exx)ert service 28 

Printing and publishing, power-supply equipment and fuel 

used 104-105,142 

Production, contributors of inf<xination 28-29 

present and future facilities 156-161 

Production cost, defined 15 

under independent and under superpower operation 17 

Providence, R.I. Su load centers in tables. 

Purchase of power, economy..^ 18^20 

R. 

Radio communication 214 

Railroad, electric, repair shops, power-supply equipment and 

fuel used 116-117,142 

steam, repair shops, power-supply equipment and fttel used. . 114- 

115,142 

Railroads, class 1 , coal used by steam locomotives 58 

class 1, defined 15 

electric operation on selected divisions 80,81,82 

growth ftom 1900-1919 83 

inquiries concerning 54-56 

list 54 

map showing 76 

principal data 68 



Railroads, steam locomotives in service 57 

class 1, steam-operated tracks 56 

steam operation on selected divisions 79.81,82 

steam traffic movement 57 

track mileage of selected divisions 79 

electric street, p«'centage of power demand used . . ^ 33 

heavy traction, advantages of electrification 51-52 

advantages of unified operation 50-51 

allowance for contingencies in electrification 75 

capital expenditure required to electrify 12, 1 7 

coal saved by electric operation 12,62-63,80 

contributors of information 30 

cost of direct-current feeders. 70 

cost of electric catenary system 68-69 

cost of electric locomotives and number required 70 

cost of electric substations 60 

cost of electrification, total 12,17,67,74 

cost of maintaining electric distribution system 66 

cost of maintaining electric substations 66 

early experience in electrification 17-18 

economy, expectation Crom electrifying 12, 19, 66^7, 82 

obtained on electrified divisions 75-78,80,81 

efficiency of electric operation 63 

energy required for electric opwation 0(M{1 

electrification proposed 17-19,50-83 

extensions and betterments, annual cost 19 

inquiries concerning electric operation 56-<S6 

mileage to be electrified 17 

motive power, imminent necessity for increase 19 

purchase of electric power advised 18, 19 

scope of investigation 53-54 

standardizing of motive-power equipment 18, 52-53 

switdierserviec, steam and electric, coal oomsumption. . 61-63, 67 

Raquette River, hydroelectric development 198 

Reading, Pa. Su load centers in tables. 

Reliability of superpower service 25,218 

Reproduction cost, defined. 15 

of electric-utility plants compared with cost of superpower 

plants 17 

Rhode Island, electrio-power companies engaged in public service. 252 

power-supply equipment of industries 136-127 

Rights of way, requirements 206-207 

Rivers, development beyond primary power 24 

resources for h ydrodect ric power 102-194 

Rubber goods manufacturing, power«upply equipment and fuel 

used 116-117,142 

Rushmore, David B., expert service 28 

Rutherford, T. B., service as an assistant division engineer 21 

Imlay, L. E., and others. Electric utilities in independent op- 
eration in the superpower sone in 1919 32-19 

S. 

St. Lawrence River, hydroelectric development 200 

price of power 34 

use of power in 1932 22,164,170 

Savings. See Economy. 

Schenectady, N. Y., power plant needed near 13 

See also load centers in tables. 
Scranton, Pa. See load centers in tables. 

Shepard, F. H., expert service 28 

Shipbuilding, power-supply equipment and fuel used 118-119, 142 

Short circuits, provisions concerning 206 

SUk industries, power-supply equipment and fu^ used 94-95, 142 

Sloan, Matthew S., service on the advisory board 27 

Slaughtering industries, power^upply equipment and fuel used 90- 

91,142 
Smith, George Otis, appearance befwe House Committee on Ap> 

propriations : 9 

Foreword by 9-10 

Standardization of motive power equipment for railroads 18, 52-63 

Steam-electric plants, cost in proportion to size 23 

economy from Joint use w^ith hydroelectric plants. 21-22 

existing , annual production cost 183-184 

capacity and performance 43-45,46,48, 182 

investment cost 182-183 

quantities and cost of coal used 46,48 

that use bituminous coal nerformanoe and operating cost. 46,47 



INDKX. 



261 



Page. 

Steam-electric plants, new base-load, character 23, 184-185 

new base load, location 23,184,185,188-189 

location, in the coal-minlnp reidons 180-191 

number required in 1025 and in 1990 23 

performance 185-186 

diagrams showing 186 

unit investment cost 23, 186-187 

unit production cost 23,187-188 

8teel worka and rolling mills, power^upply equipment and fuel 

used 98-99,142 

Stevens, Jtdm A . , expert service 28 
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